US007902573B2
a2y United States Patent (10) Patent No.: US 7,902,573 B2
Oyu 45) Date of Patent: Mar. 8, 2011

(54) SEMICONDUCTOR DEVICE INCLUDING (56) References Cited

VERTICAL MOS TRANSISTORS
U.S. PATENT DOCUMENTS

(75) Inventor: Kiyonori Oyu, Tokyo (JP) 2004/0262681 Al  12/2004 Masuoka et al.
(73) Assignee: Elpida Memory, Inc., Tokyo (IP) FOREIGN PATENT DOCUMENTS
JP 2002-004027 A 3/2002
( *) Notice: Subject to any disclaimer, the term of this
patent is extended or adjusted under 35 Primary Examiner — N Drew Richards
U.S.C. 154(b) by 368 days. Assistant Examiner — Peter Bradiord

(21) Appl. No.: 12/239,048 (74) Attorney, Agent, or Firm — Sughrue Mion, PLLC
ppl. No.: .

(22) Filed: Sep. 26, 2008 (57) ABSTRACT

A semiconductor device includes: a plurality of vertical MOS

(65) Prior Publication Data transistors sharing a gate electrode (2) of a first conductivity
US 2009/00R5008 A1 Apr. 2, 2009 type; first semiconductor pillars (3, 4 and §5) with a gate

’ insulating film (18) formed therearound, across the gate 1nsu-

lating film (18) the vertical MOS transistors facing the gate
clectrode; and a second semiconductor pillar (8) being of the
Sep. 27,2007 (IP) oo, 2007-251130  first conductivity type which 1s the same as the conductivity
type of the gate electrode and being 1n contact with the gate

(51) Int.Cl. clectrode at a portion thereof from which at least a part of the
HOIL 23/52 (2006.01) gate msulating film 1s removed, wherein potential supply (6)

(52) US.CL ... 257/207; 257/E29.262; 257/F21.659;  tothe shared gate electrode (2) 1s ettected through the second
438/268 semiconductor pillar (8).

(58) Field of Classification Search ............ 257/E29.262
See application file for complete search history. 8 Claims, 27 Drawing Sheets

(30) Foreign Application Priority Data

C{/ 7 29 d-ﬁ 12 12 12

1 — 2263 7// y/ _ 7 m

25 Bl 1 ‘1 i e e Bl o S - I A A AN,
", - L} H T L e [} J‘ '-‘ l.-'l. === - : ".J
oy S o RIS N fv v & e i EFEEEEEEEH Mo

N
N

—
—i
. ¥
R
-
-

]

ot

13

it
LY
-t
L0
—5
)
—
[ F

13

-
)

-
L

—
Fh)

13

k\.\.\..\..\..\..\..\.\.1\.\.\.\.\.\.1\.\.\.\.\.\.\1111111mxxxxx“

‘k\.\.\.’\.\.\.\.\.\.\.’\.\.\.’\.\.’\.\.\.\.‘h\.‘h\.\.\..\.\.\.\.\.\Zﬂ‘!\.‘\h\."\.’ﬂ.‘ﬁlﬂ'
lon

o T T o T o T o T i i o i T i T T T R R B B BB e e |

e T Wy

T o A A A AL AW
A RN
‘{‘ﬁ'\.‘i\l\.\KKKKKKKKKKKKKKK‘L\\H\\\K‘Q‘-..."h.‘.‘h.‘.\.."i"hi.."ﬂ..‘h..\.

i e T i e

o A e e N TS AL A AL LAY A SIS




U.S. Patent Mar. 8, 2011 Sheet 1 of 27 US 7,902,573 B2

1

- 7
57 30 30 21~ 30 0

70\ L A\ VTN \\ e

\EA N =\

‘l.-.
ii
o

£

N
NANRRENANNNN N

- [
. d ~ * n »
” mamrdAs A mm ke 1 o« F rww - ra -, ,r JhdduTF R PR AFETER A L4 ” 1 ¥ E T L e R R R .
L " N T T T L b ] Y] - L L yidddTr R FERR R AR T ] L E IR R | LTS "rs L]
. o mrmd A asmammkchchw . e aa F P LA L ISR R 4 & 5 L 2 ar A mAsEANT -rs 1
L T | T W " - L] vy a4 WY L ddA A AT FFRERRE T TS e T T % ir R E E R L I -
F 4 F - F admw 2. F , r dddddadyre s s mmmw &, & r F ar e EE T LN L N
[ T Y by by N - " N Awu s L ] w v N L e ] L T T 1 ar T A AAE = m .
N & A oA FrrrArEEimmmEEE ST T T T IR s o, Eoe, ;A R L L * K S L ke IR LA L v
L L N FrrrAREELEEEEE TR LT FERTATREEpERY ¥ L I T L e L L T L Lo T Y LI wr T T I TR -
LA F LA * o S L et gl Sl o Al MY ¢ S
e T T " W L " " w N L] Ar+aF FF e nnn kB T EEEE IR LY r
A ;A F T F mrrrsrrer=-=--18281 mrr - r
L T T ] L T ] L T T " P Y pa=Ek r
A r £ F I I ;A FF 4 [ I Y TR N "R LR r
LY LA Y Ty L ] L " " L . % L T Y T T T NN N TR N
r I R R R F A I F R B R R O T A e N  F R R .
- L L N N T L L L T T T T T Y e T [ A R EE T EEEY NN N Y A .
P I I I R F A A A AR A A ST A arrmmmmadd kb E I I A AT AR R .
L A L L W Y L L A T T | [ A N . ... w mrdmmrwdambkbd bl A A A AR .
I e R N I A I I T Sar R T I F R A e N NN v mmmm i muahhl kEF [ -
LI W h o w N L T T T T Ll L LT T YA T L Y o mmmmdkmmyama kb dd '‘EERLE] .
P R I e e A F I I B A Y. PN R R R R N A A L e e m e - mim = mraa [ -
Lol T T T T T U LU N N N N N T LS N L L T B B T T U " oh rrmaaaayaaannd TR .
F I I R R e e A N F I A R FIF R A i e N A L mrawmaavaaabkaks T EEE L' .
I A LN L T U T L T A . L N T T T T T L Y L LY T L EEEELEEE RN E R E R L R | "
2 Fr Fr 5 s L R R s A F FFF RN F R I I A I r , F A A ”, B L EEEEE LR EE R R R L R .
L T T LI . . Y [T L T Y L T N N L L T T 1 LN O A N L L L e LY rrrrrreieEEE s E n L m kU RN R h kbR r
R N R e A e N N A FFF FAF A N A N NN s L L T T YL N AN N N R -
L T T T Y L L Y L T A A L T T T T L L Y L hrrrrrrcnnns s kb bd Frrpr bl BFLEEN r
P R I R I A A A AT F A S A F PR F FF R A T e AN - P A A A mmmrrrrssEsrmaka b arrrr bbb EARE .
L T T T T T T L N L N YL LY L N YL T T T T e T T L T N mrmmrrrssErrrmd by TR R ALY .
R N I N A A A A E oy AT o I A A Ao A A g A o m A e B temrmr e YRR LR ERLE r
L A U T A T LS L T L T ] BO% % % MM W W W R LU N R N L U N L N T | T = e EEEEEEE LR ) r
A A A A A A A A A A A P I I R N A Ao AF A FF S S mmmmmmriEmErrErnh T Ty '
LR R T T T T T "~ LI T T T LT T T D T T T T L WL Y N T L T T [ p---r-rr-lHHIHib}p!‘!‘il-ll-l 1
N N I s, A F S,y LrR PN I S R R i A F o dF A d oSS mmmmmmmammmrmrrrsnchu han RN AR AIRN .
LYY L T D T D T . L N L UL L YL D T T T T T N T Y LI T mmmmmmmemmmmmmrr e nd i RN R R ARE M
I R R R N I I F e ..il_p'p;;_..i..r P I St R I A A A I I T N A mmmmmmwdammremrrs s s s bl hd DMy 2k +REIRE .
L R R e T T T T T T LRE VR T L R T T T L L R T T T T T LT L T T | L T Y [ asammrmrsbsmanlbkbd myakdtiERE .
I R R R R e N A L LI A A Y. RN R B R F B e P I R R e N emmmmmeaaammmms s nchmah lnd R nk AR .
LS R A S T N T T T T LR A A A A LY S T T T T T T T T T T T ] L T | T I T TETEEER LR R R ALY} N ]
P A I R R e P RN N e N A F A P A R A A N N, mmmusmamaaaaamrraahhuh TN AN s dd R . ,
L T L T T T T . T L A L L L e T e T O L T T T T T L Y LY N T EEE AR LR EELY | L] b ] =
Fr O N R A N F I I A N A A 4 APPSR P N N I T T TR R EE R R R - £ ,
A A A L YL L L § [l il el A A S T ™ L L R N L Y Y I N N YT TR e E R E R R - L T T e I
N e N AN A A A A FAFFF AR FF FFF bR FFF I A A A A rrrrerrfiLLeees L nuTrr b kbR R EREE RLEh - P A I A
LR N N N L T T oo %o Y Y W L R A L T T L N T Y L e R L LT i LI L L T T
N AN AN AN NN .*.i-.r.r.n.r.r.r.-.r.r P A e e A P N N AN NN el fefegep g : P N
LT T T T T T T L N N Y L LT N T R T LR TR UL L N NN mmmrrrritiemmmrrEan i hr PR LR LR b E r I T T T
O T I I R A S A RS AR R F O EFF P N A P A i N N A mmmmErrriLLEEEEEEEE TR R [ r £ AT SS
M e e e e ~ N N N N P T T TP P P \ PR il ietetelee el A el p AN N A
Ca F O EmmEmEmrt-PEEEEEFETER NN RN [N NN
\‘\.\\1\'-.1‘\'\\1 o e e \ P L L R N ol Nl e e o k] I et =R =R . Rl el Wl W Yl o
r \ v it = il ol A AN . BN S - SN r
TEmaggdnnumn mmmmmrrswomm SEmmEkk f = pmpmAEEEE N EEREIIaTaTErrrAsssmsrdibbbiEIIIRED "
, 'TEEEE LN ‘ -------....-.---i-in r \ \ e Epp i fEEEEEErIaEa st EmErfeEEEnsmnrdnkkddRR RN
"TEREERRE N -----.........-----ii \ LR RN NN s pEppu S AEEEEEEIEIaERIFEETAAEE n
Fryyadd AR mmEEEAmE R rEEEREE g EEEgErIIAa I Fregsan. an
\ P g dddd ammamund e T e R R L ‘
oy g qd akda amaamunh Fyrypuswn " JJAFEE Ry SaAE R aasaYAsamsmmmmnrdrdbAN
M . 1 nd = aa ymmmmssamn fu s A EEa Fymaaam ddddarp I paas sl st gy s mmrmurbrrtA"
N4 4. haaa F----'I'l'lll m S S S SN dd ssesdd4444F1 ] am 0 sy AssssmmeeerrrfiNAR
\ \ \ L I E—
F L EEEEEREEEE R I B mrmay A assasasammrrrraiilda
~ | \ wnwrnwrrrtdphtrtpnyepaslrrrreprenetemmmEmrarrorrr \

£ s

IS NN

.

ANRANNANCENNNY

v

N
X NG

FIG. 1



U.S. Patent Mar. 8, 2011 Sheet 2 of 27

|

12
7,
11 /4

N

\

N

A

A3 R

\

”
fffffffffffff/’f.’fffffffffff

\
“
%
“
\
o TR \
& A \
\
mrfffﬂf/’#f}r}r
7
Z
“

12 12
11 ;\mmﬂ; 11 }\m\mxg}
Z Z 2
1 1 1
7 4 7 4
‘. 1

////

//

F W// //%// /
////////////%7///////////
L
7//////////%////////////

FIG. 2B



\

U.S. Patent Mar. 8, 2011 Sheet 3 of 27

_ﬂ /

e

\/

\
\\ \\

Gv// DM /
] =
AMLLMEDMIYIY
.
//////////%77///////////
.

/

FIG. 3B



U.S. Patent Mar. 8, 2011 Sheet 4 of 27

\\\\\\\\\\\\\\\\

/ /

lllllll

\\\\\\ \
\\ \\\\\

H %%\\%\\x%%
\\\\\\\\\\\\\\\\\\w\\\\\\

FIG. 4B



US 7,902,573 B2

U.S. Patent

Mar. 8, 2011 Sheet 5 of 27

12
y///
7/
R e
7 %
,é a

12
W

Y
/ Z
7 2
Z 2

12 17
11

7

Z

2

Vi NN
% N
o’

%

A
g&

S S LA

/A 2
’ﬁ' .
| 15|
7 7
.
7 5 N7
Z Z
g\§§
7 7
7 Z
’ \\ ’
7 7
N/

Z 2
1 15 F
2 2
7 7
. 2
% N Z
% \#
% %
7 %
/\ Z
?&IIIIIIIA

.

1 4
15 15
2
N7 NN
N\,
NN
/] 4
?& 4

FIG. 5A

\\\\\ \\

/\
>\ \

\\\\ \
lﬁl%I%I

e
lﬁlﬁlﬁ-

L

— | 05w

FIG. 5B



U.S. Patent Mar. 8, 2011 Sheet 6 of 27 US 7,902,573 B2

12 12 12

2 7 7 ///// :

1 &
&

: r ¥ / ’
% / 7 % % 7 % /
7 - . % 7 /2 4 %
Z 2 , 2 Z 2 Z 7
Z % 4 2 Z 2 2 2
/ Z 7 Z 2 Z Z 2
Z 2 / 2 2 Z 7 2
/ 2 Z % 7 7 4 /
7 % ] 4 % 7 7 7
7 7 7 4 2 /]
1 3 1 4 7 2 5 b / 8 2
1 = b 1 = v 1 = | 7 - ’
7 Z 15 Z g 15 g 1 15 2 15
1 0 : / 1 0 f ﬁ
7 7 Z 2 % 7 % %
N7 N NN 7 N7 / <
f 7 N7 N / / 7 N
7 2 7 % Z f‘ ’ f‘
7 7 \ 7/ 4 %
\ 2 AN Z A 7 ﬁ\ ﬁ A
1
15 7 15 17 1S 7
A y L& ' o] , oy
Yy \
Z 7 7 /
7 NNNN\V2 ,4 ,4 ﬁ
1

FIG. 6B



US 7,902,573 B2

U.S. Patent

Mar. 8, 2011 Sheet 7 of 27

%

.
5
.

- -

>
"
L S Y

o e mat

FIG. 6C

=

12
7

7 3
1

15

15 o
A X ™ 7
7 Y}/
ﬁ\ 4
% %
% %

3. 4
15
9 %
7 #
NN

15

FIG. 7A



U.S. Patent

Mar. 8, 2011 Sheet 8 of 27

W
W
1

15 B 7 15 47

FIG. 7B

1l
Y N
\\ \\

lﬁl%lgl

.-
I%I%I%I

\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\

FIG. 7C



U.S. Patent Mar. 8, 2011 Sheet 9 of 27 US 7,902,573 B2

// // 7 //////

SN m\a DANNNANNAN

T Z Z Z Z /
17 1 0 o1 0 0 1 P g
8.4 A8 Y F 1 T Z L
1 | 1 0 ] 1 g g
1 v 1 P 9 7 . /

1 | 1 F 1D 7 g
1 . b 1. F 2 2 2 Z
1 3 U 14 F 1 2 U 7 3 7
7 B 7 A — | 2% B 7 7 e 7%

EEE N EE N R B
f.. éf ﬁ "éf < f % - f Z <
" ’ "'f 4 ) ;’ " " " ﬁ
/ % / % ﬁ\
m ? \ f\ / 5\\\ : AN
1
15 13 48 18 15

S

o VIS v, ry IS
7 t ,,.
¢ 7 #
% / .-'
% .f 7
N Z g Z

LS ILLITEINLA, LIS IIN S

\\1\\\\\1&%

FIG. 8B



US 7,902,573 B2

Sheet 10 of 27

Mar. 8, 2011

U.S. Patent

\

\\\ \w\

ﬁ%%/%/%%ﬁ

e
ﬁ%%/ﬁ//%%ﬁ

- -

LN = W e N -

- = @

||||||||||||||||||||

7 7
7 7 B
| 50
0
4? - w ?4
7 7
/4 /A
7 ’
N
T

7 7

% 7

/. /
] X, L
/ N7
ﬁ\ Z
AN
WATTLISATSIIT LSS

- AREE B ekl bk el e ke ke e e e e e oy e pey SR WTE WREE

. 7
1 ©C 0
% Z
4!‘.-? T ?4
ﬁ\\\ 2
% 7
7 /
ﬁi%ﬂlffffﬂfé

FIG. 9A



US 7,902,573 B2

N

_

J DA S S SR N S N A RA A

N

-

Ff#f#ﬁffffffﬂf#ﬂ.f#ﬁ

\

\

el 0 m A A S S e e el

.._l
.l ..r#,f.rf.f..rﬁ _

Sheet 11 of 27

.___ %
| Fffffffjﬂ r.

//

#ffffﬁfffffffffffffﬁ

///

ffffffxfffffffffffffg rr

... AR

/%

ﬁf;ﬁf}rf?}r Jr

Fﬂﬂﬂﬂﬂﬂfﬂfﬂﬂﬂﬂﬂfffﬂﬂ

o

SOOI

J....rﬂfffﬁfjr

DR

-

?Jr..fdf

//

TR AR f

f#ﬂnﬁﬁfﬁ

ﬁ

AN

% %

Mar. 8, 2011

AR

%

Jrg....rf.

Fﬁ.ﬂﬁ.ﬂrﬂrﬂ.ﬂf#ﬂrf#ﬂ#ﬂﬂﬂ#ﬁ

-

AN

;flr#.flrﬁ.ﬂrﬂf

% %

-

%

.f...faff NN .f._...rf AN

U.S. Patent

_
i
!
_
_
|
_
_

vy  wppy vyl ek sk

u % ##f.rf###ﬁ

..r_
-, » - L

..._.1.... ._...__._... L ....l.._.r L -.h..rl...-l..l”..r“.-_“..._”JHJHJ.H#HJ“JH:.H....“..-H_.-HJHJ“J“J\JHJH#HJHJH#HJHJHF-\.\J.H.-__.._r-__”-._-__

ffffffffffffffffffffffffffffffffffffffffffffffffffffff

\\

ffjrf.f?g

fffffffff

tttttttttttttttttttttttt
JJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJ

fffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffff

hhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhh

L

\

####################
\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\
fffffffffffffffffffffffffffffffffffffffffffffff
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxx

JJJJJJJJJJJJJ

tttttttttttttttttttttt

FIG. 9B
FIG. 10A

hhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhh

rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrr

LA
fffffffffffffffffffffffffffffffffffffffffffff

hhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhh

JJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJ



U.S. Patent Mar. 8, 2011 Sheet 12 of 27 US 7,902,573 B2

r [T R e~ h T R il S ] K I T T N B I O
- L™ L S L T T L LY
A r""l"\ ‘hfﬁr‘b'hﬁrﬁr‘\;‘l -~ ™ '\r"q-r*\- "'*‘_'rh"' Pl FHJ A, "‘_'*.,h
L 9 LA
,or " w* o
" - N ) LY
-.r.r - - r =+
e N e N
" N » - ™
,r "o L o
L " R LY L 8
o, o o v
L) L ~ LLY
F [ F [ 2
L) LS .~ LY
o F Fa o
™ . . (LY
) - I M
LY n " m -~
il W Y an
) * e 4
" NN " "o
o o l ]
i"x-l' ‘I'Hqi i"‘l" ‘-l"‘.
Fl -
) LS . nm,
A N LG LG 1EL1L1JJJ
O NN Ay AU NN SR
v B 7 AN Y - v
A T iy, ‘T
PR e s ra
LY L. w L
’r ;o s r ’
W T LY b ]
P F N ’,
LR LS LS LU
P F N £ r )
"o, LAY " N "\
o o S ol F g
N PN e f‘:‘
o o "N, ~
R ) rr "
L Ty e Ty LY
PN F rr o
N ~ A LALN LA N
&, F F F F rF r [ N §
o ~ 1.1. LY
o F o F o r ¥
Ll ™ o ~
Ear . r o
L T Tw T e N
g / LA £ LA
L F ) £r A
o "~ LN %
'F“..-i'Ih f“i"‘ ‘.d'\i" i"ll"
..r.r.r P PN r
LY - W ~
¢ 7 , P P rd
5w o .o “n
ot N P L
™ LY LT T "
P e e e v
N L L "
[ -, A A A 4
] LT L LI
P &, P L
AP P P N
" — nom Ll (s
A N ,r o
-F"-i"‘ll' --FI\Ill'I‘I f\lf‘ f‘-"k
o P .r"r"' ‘r";'
L3LY YL N '
- -, " r oy
L Ty Ty Ny Ny L
o - r S r W
", LY ~ " %
F A N F N 2 « r r o
L L R S T S L N W Tl A N Tl T T T Al T il T R T N AN UL N N T N L T TV Tl W T I A
[ e O I A4 F FFFFSF ST F TR FFFFF S F ST I I A B R e I B A T I I
[l "ol "ai Tl Wil Wl Wl Wl il % -.-u.-.-.n.i.\-.tt\.\.tx_w.\ntn.n.\.-tx'\ LVl Sl Rk Tl Tk "l T Tt Wl Vol Tl ol Rl Y
]
LI ILLLALLIN S A ALLTLS LIS LTI RLLI NN IS,

FIG. 10B

LA i SN O SR O T N R R N S ot ol ol ol N R A fffffll"fn'fff.l"nffffffffF"-F-l'l"ff'll'!'i'fq"l'ffl"fll*f-l*f-l'-l"'i*fi'-i'-l"-i'l"-l"-l"f-"JJ-’-”"‘.?JFI’JJ’J'??JJ?J‘J"!"?-l"-i'-l'-l"\ll'-l"'-l"fff

LR E AT TR EEEE R EEEEEEE LR EEEEREEEEEEEETE TS Lr R AR EE AR EEREEE AR EEEEEEE R R EEEEE R EEEEEE S T T T T T TN LT T T T T T T L L L T
F F F o F N FF & F & F F & 5 F & FFF FF F L FF F FF o r o F F F & FF F FFFFFF FFF P FF O F o FFF T FFF S F R E SR E S E S r RSPl F PR FF S F SR
ok TR N B TR OTE R OO R OTROT T R TR OO R R R OR YT YT R E R OEOTE R OR Y R R OO R R W WO R L T LT T T T T LR LA LR RN T T T I T N N N T N A e T T L T T L N L R T DL UL T L L L L DL T T T T T T L T
I e O A N O I R L T I R R R N R R L R N N N R N R R R R N I I R P R N B B R e L I R I I I I R L O I I I e I R T T
bk % HE R R OAE RS OE RS ECE YOO, OLR R OAEY YT R R oL ORN LR R R RN oA R R WA LR LR AR N N NN N N T N T T N TN L T L L e L T L L L T T T T T DT L T T I YL L T T T T T
L A L o o o T o o O A N P A N AR EE RN A A A A A A A A A I
L L T T N N T I N T T A N B A T T N e T T B T T T T B T T T T T T T T T T e T N N N N N T N N N A A A I A N T e T e T T T e T T e T T T T e . B B T e T e T L B N T D N L B O e T T O L B e T T e T B e T T I B O O T T T T T T
P A A B A o o i o R o A o S A N B A o o T R A F ol A T R R R N A R A A R R R A A A R A N o R R I i R R A L o N o A
LS L T N N N A A N T A N A N N A A o N T N N N N N N A N T A N N N N N N N N ALY L UL NN W LY [V N WL L% LY N Y LYWL T N N N N LN L N N N N N N N N A A N N A A L L A A A N L L A N N T A N N A T T N T A A LT LT Y LT T T S
PR A S A O O O o A A A A S o B O o A A S I O o A A R A Pl A A R A A R e A A A A A N A A A R A N T N N A A N R o A N A N A N O R A B
LI N T A A A e I A R T T N I T A T T T N T T T T T T T Y L N NN N RN NN AT TR AN A TR R RN L T N Y T T N T B N L T T T T U T T T L T R B e T T -y
P ol T S R R L A e
r‘r‘f‘f"r‘r‘r‘ e rr 0 C A T S "r"r"."'r"r‘.r"r‘ LA A -~ L A f‘fﬁf‘-f..f‘fkf‘f P R o R A ff‘f f‘f‘.ﬂ"fﬁ o L A I ‘H‘J‘HJHF“-*\JHFHE
b O T T T T LI T L T R T R R L T D T T L T L U TR N Y L T T L DL Y T T T D D T O TN N RN T T T L T T T T T T T T B O ) L T D D T A YA Y e T T T T T T O T T D ] LI T O T T ]
P A £ r - -, A A A Pl A P ol A A A A P A A A A B A A A S L P A L
L N N T LB T TR R e e T L UL L s L N N T Ll L LY L L R A e L N N N N N N S L LI L8 L S N R R T o R R R W W b R L S A N T L Y
- a£ , P Fa -, r - P A P A & LA S r Frdr A A EE L I
LY AT T LT Y % % v R oW N, L Y T LY [ L LI R LY N L T T L] LI T LTI Y L L T T T TR N LI T T T LY
F Pl 4 £ F s r Pl A &, & F O FFF o F & FFFr FF FF o FF K & F F o FF - L i o r L P L r o F o o o T S
N LT T T T O LN LT L L T % R Ry A, L L L 8 L LY L L T T T T T T T T T T O L T T T T T L L N L B UL N T L L T T T T LY
PR N IR I ] x N e PN R N SR R P I R R e I I S I A D | F R R T A G T A BN N N S T R e I A N PN I R R N . r LA I N A A S R A N A A T R
L T T T L T Y Y L T TR T T T 4 L T T T . O LT Y L U1 L L T T N T L T T T T L T T T T L T T T T L O T T L LI
P F S F LSS P o P P A FIFAF A FFTS F A AT LTS TS T FFroFd LT o’ r FFFrPFPrAr S Ar F A A
L R Y L) LY L Y L Y Ly N R M LAY LS 1 LI L L " L L T W L L T N LY L UL T T T U D T N R T T T T T T L T T T T L T T T T W R W W B ey
\.f\.’\’\.r'ﬁ"ﬁ. \‘l'\"\.‘rt’\...t!\.‘\.f'u’\. Hr\.r\.r\r\'\’\.’ e \.#'h"'\.'\.!‘\ﬂ\ f'.flfl.;\.;h.fhf\.ft fﬂ.f\."\.‘\.’t‘r\.’\.* i.’\.’l.r'hi ft.’h’\.r\.‘\.‘rt!\.f'\rtf\.fhf'\.r\ f\.f\f'\"'\fﬁ’lfﬂ "o ' L] ".f‘lf'lfif'\.r'lfﬁ-f‘.ri"-f'-f‘\r\.rir \f'\.r'ﬁl’i;‘h’\r\.r\.r
LA L A A A T A T L A A P A A A A Y P A A T T S T S L P A A A A A A A S F
L T T T LI T T T T T LI T L T T T L L T T Y e T T T T Y LB T L T Y L T T T T T T T T Y LT T T T T Y LR R AR LT T T T
o L S L o R S A T P i o ol T R I Pl A L o L
LT L L T T T T T T T T LT T L LT T . N L% N oy T Ny e T T T . T ™ L N L T T T T T T T T T L T L T T T T 1 L T T T T T T T T T . T O T T T L T T T T
£ o Fr s [ A A A A A A A A A A A P A A A A FrrdFFSr TS ST £ FFFr
L I ] I T T N T . T O T LT T T D L L T T T L T T L, B T T T T N T L T T T L I T T T LI T ] LI T T R ) L T W W
ey Lo S Y £ rd Ff LA o A Frrorerrre L O A O & F o Frr FE A F S
L A ALY L L A L T N L A T L s L A R A e L T L A N L T T T T LY L LS B B W R NN N T T T T L ] T W
‘.f'q'l\'l'uf'nf'n h'l!.‘l'.#‘.fhfh"‘.ihf'.f‘.f '-."HF‘."‘.’".‘*.#H!‘L ﬂu’\."."k‘*&!\"h f'.fhf's'fh"hf‘.f'u;k fﬁfﬂ’*ﬁh’i’\’\.f "'vf\fh,hf‘nﬂ'h’\!'hih‘%"‘nf*f\-f‘nfhi\"f‘- f\"'\!hl’h’\-!\!\- NN "'-r"h-l"hf‘hf "-!‘t,"'-‘ o r'.r‘r‘f
e rr [ N Lo A [ S A L A T A Lt L i i
.";'J.'-"'l"#‘ ka'.'f"ﬂx.lh#%#"#"#"!."f ".ﬂ"ﬂ‘!"!"#"#ﬁl !‘#HJ‘H‘.J"J".!" -F"-F‘-FHJHJ'.I' L J\Hh.ﬁ";‘*.ﬂ"#"#"# J'.h.-l'\Jhrhlhﬁh!".ﬁ‘.l“JHJ'hJNJ‘JH#"JHJ‘F‘ !\J‘J‘J‘J“J“'Jh N A N W I A A N N I NN o A A A A A AN e ‘J‘lhdhfﬁf‘f‘f‘f
LY UL T Y L L T L T N LT YL R U L LT LY Lo R B LI T L T L T 8 LU N N L YL N T L L UL L N N T T LA L T L YR RN b e N
,AF S Fo A T A LA A FFEF SN FFFr AT AT FFFS F A FeFr P rr s rrer rFF ST L S N Y
LA U U D A Y L N BN N B R U AR B e e N LT T T O I LI W T T e T o e T T T T T 1 LN N N D N T T R N A D N D B B O L T T N T L T N T T |
A Fo A S A o A o A A A N L A S A S S L R R T O o N Y S R LN S
LWL T L L L VR L N T N R LY L L T T T A b ek b AR LY L W U T R N Y L YL S VL Y L N L T UL TR R TN R Y L T I . TN N b W T R W T T T T I T R T W T N T T L T T T U T T T T T T ) L T T TR T N T
A A o A A A fFrdFf e S L A A LA A " L S AT A o R L A B R T R R ,r Ll ol
L L L L T LR U T L T L U Lo b NN IR % oo h Ny LT DT T T T T T L L I LRI N AL T LR YL L T L DL L L T T T T T L T T I T T D T T T R T T LI T T I L B W
\'.\"“-*\*'\i"\ L HEHF\’\"\’\HHF"« o P R T .-*tu*‘#h.r‘..-*‘#‘.i*h P R R #i.!\."l;."\."\."\.’\. LA e e “-"-"-"-"_f‘f‘.f‘:'
+ A . L o S r P A FF S S L R
A A A T T A B T A T T T T T T T AL A AL A A B T e L N A T A N A L A B T T N T T N N I T Y I N T T T B N T I T T e I T T S L I I L I T L L L O D I T e B T . . T T T T L L T T T T D T T
N A R A R R R e A N A A A A A A A A i A A A A N A A A A o A A N R A R A A A O A A A A R A R A A A S A
L T N A R N A N T N N N N L N e L R N N N A A N N N N N A N L A L L L N L Y L LY W O L L R L T N N S L N N T A A T A T A A T T T A R A A T A i o N o N e N T N I N A T L T O e e e N N e N e N N I N N N N A e T YN
N N R R A O A A A A A A o A N R A i A A L A A R A N A A R o o A A A R A N R R A A A A A R A N N A A A R o o S A A
i‘f‘r‘r‘r‘r"r"'r\'rhr"'r"r"r" ‘r‘r‘fﬁr"ﬂ-"'.r"'..r"r‘r":ﬁf‘f‘f“fﬁrhrkrhrh;"r\r‘r".r'".r"r"r"r"f"r"f"r"r ‘hr‘r\'r‘r‘r‘r‘r";‘r‘f‘r‘r"r"’r"r"r";‘ LA "";-"";"‘r";"‘;"';"r".r".r""r"‘r".r""r"r"r";".r".r"‘;"';"":"'r"r"r"‘..-"‘.r""..r‘..r"’.r"’r‘r‘".r-"'rt-r'"'f.'r"f".r"rkr"f"".r"'.r".-r"".r".r"'r‘r‘r‘r‘r‘r‘“rkr‘rﬁr"’r"'-r"-r.'.r‘-"r"r"r"'r".-
LI RN LR TN RN AN N AL N A T T S T N W L L T LY LI R R N T Y Y N N N N N L T I T T T N N T N I I L e N L N L L L T T T N N e T L N N N S A N T L DL T L L UL L T T T L L T T R T T T
P A A R R A B R R A S S R R R R R A N A A A A R R I A T A I R N T e N AP S F R E S R FF P A F R F o R F R RS FF SRR RN AFFSRATFTFRA ST FTFESFFTFSFFATFFFF S ST AT FFFT AT F S
LR RN LT A T ST T T T T L L L U N T L N Y LI R N A N NN N N N T N I T I L A I N A T I T I T T TR T R B N T T T T )
o ol o N N A A A A o A A A A A o A A A A N R A A R A R o o A A A R A R A N A A A A A A R A A A A A R e A N L N A R N N N R
I T T T T e e T T T e T e T T T T T e T P T T e e T T T T e T T T T O ) Y N T R TR e W R W W ' eI T T I N N e I I e T T B T e e I Y I R I . T T T T T L L T T e B e T T ]
'\f\.f'!.r'ur'n.rh'rxrﬁrufﬁrhfﬂf'ur‘ur\.'\f'.r\-f'\.f\.’*f‘u"u{\fﬁ-{\fﬂnﬂf‘uf‘.r‘\r‘u‘lﬁ.’r‘f\r\r\-’\"ﬁf\-rﬁ"'\f\'r\f'ur \rﬂrﬁr\.‘\.f\f'ur\-‘\f'ufhf\.- - -\-;\fh;ifﬁrﬁf\f\f‘f'\-’\.ﬂtﬂﬁ;ﬁfhfhﬁhr‘.f\r\'lhr\f\f‘\;‘hﬂu"\f\r\f‘h#\'r't"'\‘l"hf‘ﬁr"f\.f‘f\fhr\fh"t}h‘r\!‘f‘-;hf\fﬁf‘ﬁf'u!hf'\-l‘ﬁr"hf\f‘nr‘f‘f\;ﬂ-J'-f\-"-“ﬁr\r‘-"-"‘nf
L o ol R A A A A ol A S T A A T T ol R T T [ il A A P A A R T R U I S L L R L G T A
L T T T T T T T T T T T T T T T T T T T T T T L T T L T T T T T T T T T T T T T L T b T T T T T T T T T T LR EE AN RN AR EA R LT E AN E R AN N N N L TN R N N NI AT T N T N T T T T T DL T T L W T T T
R e I I A T e e R I R N R I R R e I e s I e . P T N e A o T N R R o R e A e A R R I R A A R A I L A A e N A
LY . SO R WO %N TR O R R R U R R R T R OE R OE O R R RN o R R T T W R R R W R R v w W N L T T T LR AR RN N I T L L L N R e e e e L UL T L L N UL L L L DL L N BTN T T U T T L L LR R N T W ¥
P F A ,J F F S FFIFr rr F I 4 £ ra Fr A A A T A A A A A A A A N o
I T T T T T T T T T T T T T T T T I e T T T T T T T T T T T T I T T T T T S I L T T L T T T R N L L N N Y L T T T e T I I T N A N T T N T N N A I N I T Y I DL L D I D D T T L LN D T T B T N ]
P S A o o O A S A A S R A o A A A A A A O A R F A I N I A A A R e B N A A R S S N A A N A A N A R o N R A A A o i A N N A A R N A R R
L T N N T R T N T N N T T N N T R N N N A T N N N N N N N N N AL YNl UL N N NN S L R T N T N R R T T T o T N N T O L N T R N o N N O A N o N N N T N N N e L A N N N A e T R N A e A N A T LU A N A A T N A A A LT T Y T Y T T T e O
P A A o O B A A A A A O A A O B A A o A A A A A O o T A P A A A R A R A A A A R A A R A S A A N A B R N R S A N B N R o S S A A A N N A N S R A R A S N N N A O T S
Bk b R R R T R LR LR LR RN RO N LR RTR L LY LT LY LY LY L % LY IR A T AR E R AR R RN AL NN RN A NN R R E RN T T T YT T LT T T
A ol T o i i A A A N A A A T T T T T T A T A I R O A A A N A o o i B S R T S o o o R o o o o o o o
LI T N N T T Y L NN NN NN N NN TR RN AR RN R R R AR R RIS L TN TN NI N NI I YT T T IR T Y T N U T T N T T T T
P I R A I B R R A S N N T R A i IR I R AR R A o R IR I IS RS R N N T R SRV A I P N N A N R e N N I N R R R N N N e R R O R R R e R L R e R i N N N A N T e A A R N A R A A R A R N A A N A A
LY L I T T Y v LT LY " L T T " T L T e T T T T LRI L] LY " ™ b LR E AR YRR AR TR AR R R A YRR EEA AR AR AR E R ETIETE T TR Y T T T T T T Y
F AL Fg Fy Fr -, F P, Fa o, F T A, - F ’ F g r o FE F o A A A A R A A A A S A A S S A T A o A R R T S S o S S
ol Tm tm v T fh YW tm v T fn fhtm e Mm o Th fm Th fh o Cm tn fh O "H TR Y 'm T e tmtm o h Wt Cmoe bW T e T T T T T T T T T T T T T T T T T T T T S T T e T T T T T T T T T T T L T T T T T O e T T T T L T A T L I T L T L S T N T L S L L L T VL T T T Y
P A A ol A A A A A A A A A A A A A A T T A P A A N A A N R A A R R A e e N N A A A A A A A A A A A N R R o S A o o A R A N N R N A N A N A A o o o A O R N S
LR Y U Y T T T R T T L T N T U T L T T T T T T T T L T T U T T O L I R L TR T Y L T A T T T T T T T U L U T T T T L T T T U T T TR . L Y LI RN NN EE R RN RN Y YEE YIS Y YT T Y T T YL TN T U T L T L T T TR P T Y
P T A T R Pl T T N S A A A A A N A A o o Y L
o TN LT LI LT T L 8 LY L T L L O Y
F A F o E A oA N N R A N R R B B N R R PR T R ] P o o F I R N A R R B I L I R N N N I I I I R S B R e A I I I I R I A N A I o R R
LY LY T T L N T L LT T T U N L T U T U T T T 1 L N A T ™ LA N YN L T L T L L T L T L N e e A N N T Y T T T T T T LY LT T L L Y
,r P A A F A A N A A FAr A, . FE ’ £ F A F A N A N P A o A F N A A A A A A A A A A A A A LA A
LY L L T T T TR R % R R e R w L R W T LR RN L N T L TR N LS N N N A e L T T w w Y LW e T T L Y T L T T B T e T T T T T T T T T T L T T T T T T U O L T T T N T Y
F ., FF A A L | P I O A N A P FaF F ’ P P A A A A P A A A N A A A A N A A A S R R A R I N R A A
LY [ A LY LY LI A A A N LT T W LT N N N NN LT WL WL W T A [ 9 L o [ LT D R T T N R N L L T R Y Y R L WL T T N Y L N T N N N N A N N T N T N N A N N N N L AL AL LA LY N N N A L
,r P A | P I i A e A N A FEE F ’ r s F I A A A PN A A A P A A A A A B A A A S R R A A A LA A A A
LY LT L L T LY % o oh R ook R % h LR R R o b B oA L9 oy % o LA L T T T T LAY LA R R A AR AL E R LR T N Y e T T T T T T T
o - A A ] L A I A A o I A I I ' ror P A I A A A A A A A A A o Sl A T T T A o L A o
Ji.r f“f‘f\f\f"r‘l‘ ‘fﬁdﬁfkfifmrtlhftf‘f"f‘J‘J‘hf"f‘n'.. "'.|'l.".F..L.i*lh.liI'lL.nt*l".'.nl*l"h..i'I‘L r l"d‘h f‘f"f‘.f‘fhr"f"t .r.r‘r"r".r"r‘r" F) .r\..r‘.r‘f‘f‘f‘f‘r‘:‘f‘r‘r‘r‘f\..-*.r r a8 .r‘r‘r‘r‘f\f‘#‘r‘f"f‘r‘?‘f Hf‘fhfhf‘.f‘.ﬂ‘.f‘f
LI L LN L N N L L L L L L L L B L T L O LR T L™ LL IR LAY T T T . T L T T T T T T T T T T D O T T T e L T T T D T O T T T D T T b T T T T T T O )
’, i A A A L A A A A P A ’ ra FA N A A P A A A A P A 2 G A A A A R rerrd S
"y R Ty N L A A L L L T e L A A T M Ty Ty T v e oy ey e e m LN L A A R A A TS a e e tm w T T BT T tm TRt T T T T T T e h T T fa T T T Ta e MM tw T N T MM T T L L T L
# A I A ] F I A A T I A P I ’ r F A IR ,rr - F A A £ &, F L , LA A 4 A A A
——— — LY LY 'ﬁ_'ﬂ- L 'ﬁ\- \.T. LY L "ﬁ'l- LY T "ﬁ'\- _—
AT roa LA LA L - . ;o Fa AN AL -, g
LT LR Rl T Rt L H o A R N L UL VL AL L A L AL AL LR R L R N LY AL R A LY LY LR T YA PR Y B 8
F MR AT ATk R R T i e A D L T L N N R Tl I T T I ] A A F R I R N ;S P ;O A R I R L - - i
By L A T L A A A A A N A T IY L LS LT LT T L Y L N [ B L T T L Y Y LI T T T T T T N N T T I L T T Y L L L L Y
F P A P I T N R T A F N I T T . ra P I R D R | P S F A A A LA A A A A A A A N RN £ A A A A
LY L A A Y LR A A A LA A YL T S S R L S S R A LR S YL YY) N Y LY LI L T T T N A N T N e U L N BT T LT T T T T T T T T R R W * e
f‘. .rh.ﬂ' a .F‘..r' rh.ui f\."'l.-"' .r“'..f..f ;._..r ‘.r' ,t’h;ﬁ-’t‘r‘l.;hf ...F AR .r;h.- FJ rrh.r .r‘f 'lq."'h." J‘_J‘.f‘ttflr‘.r LA A A T G A A A O A A A A A ‘f‘f‘jlf'hf‘f‘_f‘_f
L S LY n - L LS L N U Y LY L LY LS 9
’ Lo o L A o A F o A i L L LN N S S O LN R
™ L TLITA LT T LT LT T T T T T LB T A T T T L] LA LT T T LI I L L N T T L TR L T T T T L L T T T L T T T T T i T T T L T T
L4 L o & rF o Er Fer s T Fr o r e F Pl T o o ror L L L o R o O L
b L LT T T T T T T T T T T T T T T L T T T T T T T L ™ LR T Y L T LA IR T N S A L I Y L L T N T T T N N U L R T T R W
-, L A ] o T T N R rd o F ot F N I R P B I A LA FAC A A LA A A A A A A A A A A A A A AT
b L L T T T Y LT T T T T T T T T T T T 1T Y YA Y W N ™ T T T L Ny LT L LA T T T W T S B N W T D L T B R N N DL R T T R R A N
ror Lol R i F A Frddrarr A S F I s - LA #o S A F L S F NS S LTSS LTS FFFEA LT
u o W W LT N B T Y N L N N N e N N e Y T W W R o W e " W w W w u w T e by W Sy L L T L e e T T L L T ] o T L
-l".r r‘r‘rkr\r‘r‘r\l rﬁr‘.r‘fh.r‘r‘.r‘f‘.f‘r‘rhr‘r_\f_.r‘rxr{r ‘f‘r‘i‘f‘lf‘f‘.r f“f‘f‘f‘r‘r‘rﬁi .‘-l'\r 'h.#'l.f\-“ ftd**‘l"‘rl‘ha‘h-l"f‘. Vil 'h.'n.‘k"\.'l\#\.}hfh."'tih’\;hilil-!i.!\."h!k! LA A '\!h."\. . l--l"hi"‘_d'\f
, Lol o o ol o S L A P o N o o r L XL L S FFF T TS FFFFS S FF T ,FF L FF T A
.p‘..-‘;-".p".ph;‘;\' 1..-‘.:-‘..-"..-."..-"';"4-." 4-";‘;"_;"4-"'_:";" -;ﬁ-**‘!-—‘l""l-'h"ﬁ-)‘b b \-__‘h"'l-‘_'-!‘-!"h}\-!
R R Y R R OE R W RN AR % N TR R R RN TSR R R R RO N R Y N RO R Y OR YWY O OY M LA A N NN AN N AN A YR A TN NI T N N N N T N N T N N T T I N N LT T UL N L S L L T L L L T T T N T T N L L T T
F A A A o A A S A A N A A A A A A A A A A A A A A AR A A A A N -, T LN
T h W R OE % T R e RO TR R R HF R W R TR R R E R R R % T R R R T R W R Y R W e W W HT T W WO R R R E WO ORE W R e e R % T T R W OE R R E SO LR W R YO R R W RO oW oM R ooy ot e R ey Ty e e oy R e e e e e e oy e e e e e
LA A A A B A A o o EAE N O S S F R A A A R R S i R R R R R B B o R N o A N A R R N o A R o I L R
L N N N e R B L N A N N N N N N T A A NN Y L DL N N L L R N N A L L T UL R L ALY L A A N A L L L U L O N N N R T NN R R N N L NN L n N L L I e e L I N N o T N T N I T I T L L T L L L T L N L A L L T
F A o o o o T O ol ol A o A ol A ol T A A A A A A N A A B O A R R R R A A T R o o N R A A o A A R R o o N A
LR AR E AR E A TE R AR AR AT R E AR R R R AR Y LA R R R T AR AR AR Y A N A A R A RS R R R AR R A R A R A A R LR YA AR A R T R A A A R R R R A R A R R A R R A R E R L R AR E R R R A AT AT I NN S T T T T T Y
A T A A o A A o T A I o T L A A A T R A e E a al aE  E  E  E  a E  EE E E E E
L AR TN AT AR T I T T T T T T T T T LR AR R R RN R AR S AT A AT A YA LR A R E AL AN A AN L T T N LRI RN N N AT YT N NN T Y Y T T T UL L N L W
I R et I R R R R I R R e I I i R R i R e I R i e e T I I e R i R e N . o P AL F LS P F P F LI L L FF L FF P S F P F LSS F L FF PP T Foa & o A R A T R S R R R N A A A N I A A I A R R A A A A T N
LY L T T T LY L L N L A A A R N N NN NN NN Y AT A Y LA AR RN YR TN e T T T T D L T T T T L T T T W T T T L L T
P P ’ A FoFF S L A A A A A A A A A A AN NN NN L A A A A A A
L S O T A T S O L S T T T o O e T T T T S T T T A T A o o L N T T LA L e T T T R S O T T A T T O L L T L T S S L T L L VI T T T T e T S T L L L L
A LA A A A R o O o B A O A A A L A A o O R S R A R il L A
L R N N N L L L T T N T A N T T N T T U Y LR Y I N N Y Y I T L T T VO L R T,

l LT A i o ol S L S T
2 ln‘n'.h'h'\.','h\'\

Tl T R . . :

FIG. 10C



U.S. Patent Mar. 8, 2011 Sheet 13 of 27 US 7,902,573 B2

.I

A A L R i
e e L L T A O T T O A A T N N A A N A N A A o T L o T R T T N A L o N A A o A L T T o L o L A o o T T e e T e T e T T N L L L A N A T T e A L L N T L T
A A A A R A A A L o I R I I A
IR N N R e N N A N N N N N N N N N N N N S A A N N N A A L N N A o N A A N N N A L L L N N L N N LN D N T N N W Sl W N N S L Pl Voak W T Pl Yol Y W P OV W VO sl Vi P W Y W P S U O S " P O 0 P T VO WL T P WO, L S U O S L T L
F F oy L o o R A O L A o L N L L D
L NN RN N N L N AL RN AR IR N L N N N N N T N NN N NN NN I NN RN R LR N NI Y I N T T T L L T T T T LT T T L UL TR N T DL DL L T
F ror ..I"IJ"I‘.J"-F"IJ' J S F S P LRSS, PSS L F A II‘F‘J".F‘J"J"J‘J‘JJ' d F S LS FF PSP LF ST FHFS .rh.r‘.r‘.i‘.#hf‘f‘lf FRFAF B A N A N A N AN f"h,'h"'-"‘lu'\-"ﬁ*\" FA A A g 4 ‘J‘J‘f‘f‘.#
,r FAE A EEAE AR A AN, LA L A A A A N A A N R A R A A E A £ of fFf FF L FFFFFFE R FF LA LS FF S S TS i £ FFF
LY T h W W W W e T T T T T T e T O T T T T T T b T T T T T T L T T T T T D O T . T T D L D L T T D D e T T T T T T T T T T T T T T T O LT T T B ) R T D T T T e I e D I T T L I O e e T e T T e T T T T T T T LI T T
.r‘r.r ‘f‘f‘.f‘f‘r‘f\f ul".i"a" L A A A A F‘i‘f ‘r‘f‘f‘r‘r‘fhf‘ r‘.r L ol A o o f!"‘f\ #‘f‘r‘f‘f‘f‘f‘.r P A A f‘f r‘#\rxrhrhf\lr‘ f‘i“ [ A 1"*-!" F A F A F ST -F‘-l"' , &, -J".-l" L J\.J‘-f \J\.f'..f'a.'\.‘
, L A . 7 L L ol " , L 4 ;r Ll rdr F - A F F arr
" YL REREY SNl ¥, il LY L S Tl N ~. Y Y LY ~ LIRS SN . LY LR R Y
o - r LI oo I N R I ) ;o - I e e . - , I I IR - L £ S A
LY O OL L Y LY b L T T T T T " 1 T " L DL T L T T W L] T T T T T T .l e L L Y
F L A A T o 5 P "2 L L 2 I N O T T Fa 4 Pl L s - F Fdpdrr
LY LY L L T L L DL T U Y L . L B T T L] W T R W T TR MW b s b e L
..rh.r !'\."'l.',t','l.fl.f\.#!. .-l'.h-i' .-i.‘.ui' hrﬂ."\."l.'hrh."\."i. -F_L.-f _..J'.L J‘J‘J‘IEJHJ.‘J\F ..J'.' f‘f‘ r f‘r‘r‘rﬁlﬂ"r‘ -i".un' -i'"ql" ‘Fhf‘#‘.f{f
L L & FFS TS P Fr. L A A F ) -, TS FFFT FJ £ r F T A £, Ll o Fr FfF e rrrF
Y L T L L Y LY LS L A A T LYY LY LI [ N T N TS L L} L T T U T 8 LY L Y W R R
I P I R R o, A L I T ) - - R R I - ) I R I R R o - L
9 L T T T R T LY L LT L T Y LY LY L T T L T T L N U T T T T " b L T Y
F FoF s rs FaF. FAr. FrédFraerfr s r & -, FAF A A Fi i’ r P A F4 Foa Fr FFrrr
LY LI LT T R A T L) » LR L NN T R Y ™ LI ] LI TR Y L B I N e N Ty = b ™ i T T T T
J"hi" r\.flf\f\.‘r\f‘u‘rk 'rif J\.’ lrtfi;titrtf\f '*t \rt "‘wln."Iil*n."“l"ﬁ.'lll'h.lll‘lln.'lil'in.'lil'in."l 'Lf\. r\.‘rﬁ. "\ '.\f'ﬁ.’\.’\.‘l-r‘- .r‘.r lI'l."n.-'“'. \J'n-r‘n-r‘hr'\.f
d"d"' #\f\f‘fﬂ;\.‘r‘y#ﬁ ‘H" "‘\.r Hr\*lh;*."\r\i‘u; r"\f \f‘# fhf\f'\rhfh!\fh‘* \f\ I“I"l-'lil"'- \‘lhf‘ﬁf‘.’kf\f‘:.\- r"«-' "'-f"-r '''l--'llI'''-r'l'-"--'“‘-"'l-ill"--llr
o W T T T A el A A T e R - AR R L A L LA - EAE
" (LA SENLRENRY ALY e W W R R w W, ~ ALY SR AL AL NN AL LY LAY YL UL N L RN L A LWL N S N Y
‘i\.r 'hf\r\rir'bi‘br\-!‘b 'r-bf \-{h’ *\.r*\.r-bfw"‘\"\"'\f h-’*b" '\f'\. "nf \J‘b‘*h{\fh"h ‘J‘ f‘\.f"- 'i‘l‘h"'hf\#‘\-"‘\-#‘\-ﬂ"ﬁ- ,‘i" !\-'F ‘..r‘..r‘b.l".r‘.r
Fry L FFFS LA, A Wy r S FF P L - F A ST # . L A ’o L o A
LY LT W L T WY L L LU N N R N NN L. LY ok om R ow W W b W - LY L S AT AT LY Y L N Y
PV B A A A A T "‘ r sl rf s r o rE S Wl R AR £ rr r e’ N AT AT LA A FR A A
LY L T e Y LI b L T Y L T T % L L LT T L T LT LT T LT T Y oo N LN T T
ol o T R e LR o T I R T o ol o R o o LA A A A AR LA
LY L LY L LY L T T T T " % LY L T T T L 1 Lt LA LT T Y LY LY T T T
&, P o L LA L A F 4 &, r S FFry £ r ra £ 8 FF R o F rs F F g FS
- L T T O TN SR Y LI LY e O T T T T T R W T W L T e T - M LR LT T T LI LI ] L T T T T |
£, £ & FrdrFrr L £ rr P A r 4 £ r £y s rrr £, r rerdr e rr Frys frrsdered
L L L N N Y LWL LW L UL L N L WL R % LU LW LN L N LS L m LY L YL N T N e o b R ¥ LTI
£, £ & FFFFTr L LA 4 r r Fr s L. . LA A A s £ fFerrerrsr . r F oy £ rd s s
LY L T T T T L LY b T T T T T LT " L T T T T Y L T N L T T T T O N N L I LR I
'l s o o L P Lol S i i i - il ol T s 'l L - oA P A
LY L T T T T LS LY T T T T T LT L T T U T T LY N L T T O T T LAY N LRI Y
' . P A A A FEE FSS & FrdSr r 4 £ r A A A A ;o &, P Frr e [ L £ e rd
LY LY LI L LS L " R % e R R W Lt LR T h O R R W W LY ™ w W T W W WOW T ™ T Y LT D DN
o " T 2 F L P S A L R g L " 2 L A S A A . +, 4 P N [ F g P B
W [ AR T A LY L L LR A W W L & LAY LS LU A A T [N Ly N L N R N T S LT L L T LA T L A WY
P P A A -, A FAEA A A S FFERF F b Fa F A A Fa -, FAFFF IS r ;o F N
L9 LY T I T N N S Ll LS LT T T T . L S LR LYY L T T T T Y LY L L L T T T T o 1 LT TR L T Y
o I o I F I N T L >, N . o ol R I - A F T I I
1Y LY L S LS L9 8 LY L T Y LY " L LI L1 LY L e T T U LY L 1 N L TR Y
F ., A FF AR F A LA A A KPS L. &, r LA A A A P, P 3 F S P 4 dmwwhbewk Fr s F A A
Y L T T O LR L] L™ L T T T ™ LI T R R OR WY L T ] L T T L] T e e TR 1 LT T T
FF P R FF s AR A F &, r £ & F A F AT S A A . FFEFF PSS L [ —— #orod £ rdr e
L [T L Y TR TN R R LEN L [ RN T SR U T L W ) L9 % LA S LN T T TR VN T 4 LT 9 LN LY T T N N N B L L N 9 LA N AL Y
Fa ' o, ’ 'y o LA F A rF 4 £, A A A A A P £, F AT 4 [ £ roerers
W L LT L . L Y LY LI L "L Y T T R "R S W LS L L L [ " LY L Y - " . N RN N
o PR e e e | o P T I R o T R e N e oo I o L P o T I R R ]
..f"' hflu*\'.r‘..i"!tf‘" JH.J‘*"J .F‘Hf"} . ".rh..r‘.r"r";';\ J‘J‘. "J".J'" J‘.J' - .J".J'L.F‘J"..r' .ft.i".f \,_’g’\ - JP"J“J‘.F‘!‘.Jt F‘Jﬂ. f'-f‘f‘. J"F‘J‘r'. I'..IF'%-l'
- r
Yy (VL N LY LY L L N T Tl Y by LY L ) L LY [ L L N N N e Y L L T 8 L L T
& oS LA A A LA &, L N r i £ & o F S ST L Frosr o, or FFS
" L L L L T o by kb om RN Ay LY L L L L w b L W o A o R L LN NS ot BT
PR B ,rr A R ;o L L LA ;o oS ST L ,Fr oL ,Fr L r F I
» U T T T LY" L " . LT L LY LI L IR T L N LT T T T T ) " e A LT T L L T
. -~ oo A S s FrFr ror ] F o L T o L L [ L L L N
» " L Y = % LY L L Y L LI LY LT TR LR LI I T T T T LI o L R
i P T R A R P Forr F I R r | &+ o, F A A A A R o L 4 o FoH S F S S L) P A N T LA
% L L L U W LI L " T T T L " ™ LAY AT T LI LI LT T T T T L) T N L I T
,or A FrFr L rFr rFFrFerFr L ] £ r P Fr L T - £ rr FF S FFS
e Tt e v R L - W T L T ™ b e " e My " % n I T T T L L L
' L A L L L L 4 £ r F LT A £, r Fror A r £ F FF S L
b L T T D T L L] L T T T T L] T T Y e N NN N LT L T T T Y LY h T T T T T
o ~ T - rr . £ & r Frar For - r L ol ~r rr o L Ao a oo a
b L T T T N L A L T T T T T L N L T T T T LI LT L T T T L) o o T T T
Far o A L a ;o L A I R . 1 P P A A R o o E A T oo £ o F A A
b3 L T T T T T L LY T T T T T T " » % L T T T T T L LY L L L T L) o T T R R
£, Ll ol A A LA — £ S5 L A L 4 — ,r L A A A £ [ — ; r LA r o Ffroas # r oo F
b T R . oMo om, LS LS L e N L R LS ™ T T T W R W W L L Y L A L LR S -
Fa L ol LA P Pl L ,~r Pl ,r rfr L £ F A rs + A+ FFS
% L LT T T T LY LY L L T T O T T L T % L T N T T Y L kY LY L T ] L bbb T T T T T
Pl 4 F o FF - For -, For Pl o For - r S FF s _r r o L A Fa FF xS F S
% L T T T T T LY LY L N T T LY " % T h WY LY L T bW N L T B LY LY T T T T T T T T
F F L F P FF F LI N IR N D RN D L o PP N I A I o L =B P FFFF L F P N A I
% L T T T T T LY LY L T T N L U T LY LY L T T T T Y L T W N L T T T L -E oy T T T T T D T
Fr Far L FrFrFrF , Fr £ Frr P A L ,r L A ,r _, P A A r s am A F L
" b ™ " "m LY LS Tt h W e T w % "= w . e T S ) L N w ™ WM ~ - W gt e b, R, T T T L T R T
£ r LA T LA P P A L I, r FFFRFFr ,r _, F P A £ e ;A r o F S F S
. L& Lok T N LY LYY o T " % a LT T T T T T T T
it ;oo « ror For r  ror -« e am [
L T T T T L L T T T T Y L T T T L T T L T T T O LT T T T T T T b T e T T T T . T T T T T T ar LI
"'."I-J"-’\"J\’EJ\-J\JE’E’L’\; .,I"h.i'.'J\J‘.J‘J‘.J‘J\I‘J‘.J“Jhr‘.f‘ .-I'"JI\J‘I‘J‘!‘J‘I‘I‘!‘f‘.fh.f‘.f “I‘I‘J‘J"JHJ“‘J‘J‘J‘J\f‘f"d‘ aa }hrhr‘r‘r".r‘.l“-‘fhr‘}‘r‘u' Fl
LN

. ol 4 - ] ul # | /1 ' 4 AN

‘ LI E I I E B BEEN N N

2

/e
NN

mkh hchh kA

[— — S

smms rsmmmhmh okl [ B E NN NI RN N LR R T EERENTEREERERNENY]

NS ANNR AN ]
SN S AN

N
RARAASARNNN

77

N

S A

N
AL LA LA ALLS L

NURNR SRR AS SN

N

AT

Vi A A A

7 RS

? . : . *:::::.::

%

7
>

S

AR
NSNS AN SN

NE
N

A

FIG. 11A

Htﬂh!*.fh .r“ Hh!hf\.Jh"l.‘l\!t!hft!h!h}'hfkih"ﬂ;t;t!h!hfl."tih! h"h.l\u"lah‘lh'lhiﬁ.-lhrh!hflfl-rh!hf\"h "ngftftrn_"\."u"\.#\.i\.'ru
,H"‘uf‘p;\."h’\."-r\‘l\“-fﬁ"‘;"h#\f&fﬁf\-ﬁh; !\!H"'ﬂjh!'nr‘-f‘q"-; "-‘l'h.l\-"ﬁf\‘l'\."‘hf"‘u-"u‘l\"ia"uf‘-"-;\J\f‘:"h‘\-f‘-f‘h’hﬂ\J\;"-r\;‘-r\
L

L o o o R Lo o o o

,‘nl"b;‘p;*hr'\f\.;-;ﬁ!'h ‘h"'i-;'\’.\-;‘r"h"hf‘\;\.;h-;\;\-;‘hfhf\r‘lf‘ifilf ".l‘,,l\;",,-"’,-“,,-"’;",,-",.l",,l",p";";‘“;";"g‘;‘;‘;‘;";";";"';"f"‘.u“.r\

,-, 1.}!,!\. L ] 1." e S R O L T i T D ‘f‘n""i""f 'l.."l.'.-.r'l."n, L - N S e T T I . T J"'i"\d“f\

L4

LYY I A - o A A R AR R e L L N Y A T o I LR TR AR

LA A A ERER R A RATETATE AR TR N L A A LRI N N NN TN T Y LA,

r\f\-r'pr‘h l"-l"'l"f' F e rr i'd*fi*‘f‘f \r\.r'\rhr '\r‘-f\r\rl ‘.i"-l'f L A A A ll"-l'-l"i'-l"‘l" f"hr\'."hr\

LY T P L ALY L IR A # LT TR

F I u o P A A -\. AN A

J\.r‘.r"f‘ .ri-f "I.JH Hr'ﬁ."\."hr 'hﬂhfhf\f\- i'.':" \J‘\ f'\f\u"'ﬁf\

#-\ul’-\u!-.’-.- u"..n* ‘..*H.- Hrhfhf'-.f '\.th'q.f'-."'q. -.-".r "'n.#'\ fhf‘."ﬁ."\

LTI T P LT LY LI IR 4 Y

rrror - w h B rrer e B LAY E

LAY T RN Wy LI A, # LY IR

P L. v XA F S oA Ao s LY LAY FA

LI YA P T T T LI A, # Wy

£ F b LI & Fr e b LY AL .

T % w i a W S T LTI - bt b

;£ Frrs LY L E AL 3 s re e " AT AL .

LTI T o« LT Y LI WA F w % Wb

F o rr Y L L I A rr e v LY T LA N

LT N T T T LTI A £ LTI

F S S L w % W& F s oo P "~ W W R A oap

o b £, L T N LIRS A L L W Y

P A o L A A a4 L LY LY F AN

LIRS A ol e T Tw T w2 - by om b,

FFr S L LY FF i LA LY LY T,

w h R wWp S S iy s SR LY LTI L4 - Fa LWL Y

o LY LI F A A rrerr s = wihsr Fr rr

LY AN WEvr v 4 N L T AL " A L T T T

P \.\.u LIL LS P L I 't.l..lu.'l.. LN N N o I

LN Y AN LA I LY LY -, F Fr b T T

Frrr '\."ﬂ. F LI P o A E O A 'l.'l. ?‘ LY A

LR Y A LA R Y - T "m

L L LT Fa O L LY I L4

LY FA N LA I LI A r r T

F = 1 ’ =N A F s LY LR I

LT KA LAY I LI A £ r s h

F o Ly o QoA s omoa F F LR LU N 7 R G e

L L S o L. Y - T b L - o R

Pl A A LR L O T ;A TS L - LS S M

LT A LI B " tw L N L " T

P L] L% A EE L Y LY F N

LY FA. LA I LY LIS A ) L T

LA L ’ L F xS ;o L * wiphd r o F

L LY KA, LAY T L LY F . r I L T T

F R L L QFor oa oA LR I [ W N LU N T RN I

LT F.A. LAY LYY LY LS >, 5 Fr L S

LT LY LN L A FFT LY LY F AN

" e w [l a a A T " m m W s "o "= w m m

A L LY LS £ 4L ;oS L LY T

LYY . LA TN LT A £ .

LA LMY L £ o g L LI I ,

LI TRT K. / LA R L L Y o, I L b W

FI A w N w b Q@ S 4 A B [N [ N T F e e

LRl S LY LI L A W LWL o+ P L L N

‘o LR -y L LAl N LI ALY L

Ty by ol e u e W LN o o L "o Y tm m

""q."*l.-* #ﬂ. ..;'.J" .;h..ft fﬁ.’h.i'l."\.f h‘l'\.‘*\.’h# JHJ‘ / "..r'h.n'h ""\.‘l\."\."u

b Fai 1

n".-l".'-l"‘fh d’hf‘ HHJ‘J f‘f"i‘f‘# ‘q“‘ql"hﬂ‘f l"_'h;‘t / / \-"‘-"ﬁ fh?*.."\."ﬂ.

oA LY b A A Ao A L LA

L LT T AN LA T TR LA T A L L

&+ L % LA oS LI LY LA

LR Y FaArA LA L R W e W m L e e

£ FFr L ! B e for A LIt LY P

LS AL LA A R LT A Ao L T S

£ F Fr % " L A o " LY LA

L L Y KA L LT TR LTI T B r L W T

I L) ke - Ao A A n % L

LI TRIT K * o w Ny LTI A £ LT T

£ FFr % ) rof o LY LY A

LR T LA A T L BB ] r o LTI

'rx - [ ..r" fn. ..ﬂ"f‘..r .r" ..rh n..r'\. ,1. r L9 " L8 " LS ul ~ ol L ..r" .r" ..r" F N .I". ¢ LS #tﬂt#'u

. o — LA LN o LY ——— NS FaN

LT T TS L o T T T LI A £ r L N LY

F LS .o o LR Lo ] W WA A A
LTI T T I FA rr LN AN T A L LT T L T T
Pl A L] LI A B % LIRS FA A A RN A
LT INTY 1A LA TR T T T LY B L DY A £ or L T T T L L T B
Pl ol A L 3] L [ A O o o T L LI LA A A
L LN L L L NN AW B M e R R % e R R % v R R % v ko Al S o L SO N L L T R T L LY
o o o % L] [ A A % AT CLAC A A N A A
T L T T T T T .r"r_‘.r r_...r__.r LR AR LT T T "-.f-. -rh-'ﬁ L T T T L L B T

£, ar s L4 ;o ;r
T T T T T L D T L T LR EE AR T T T T | LT T T L T L L T T
o FFF F F & F FFF - FFFFFF O FF o FFFFFF s

\"n-\-"-\‘-'h'ﬁ'\.'\\ / L L T T T T L T T T T T T T T T I T T T | L T T O T N T L L T B
-+
1AL AL A e L/’ A ‘

hdddmsw e

W M W N RO RE R I N NN W NN W PN WM W N MW E MR MMM ENEEWAES RWAdEAa
FAT N IE AR P AT I Ay E I m I mmpEs R R RN E R IR R EpIEEEE {EANa AR Iy FE N AN NI E EEEEEEEE R EEEE

R EsmmppEE
FYFY FEyFpma

FELFEIRRFENFFFEEF
LE L R R LR R LR N

TTTTAITTrRY == =
FEFFIF FFAEE®R

FIG. 11B



U.S. Patent Mar. 8, 2011 Sheet 14 of 27 US 7,902,573 B2

- N A I I e I I I e N I I L R e e I N I v D I I I A I N R B N R R N N N T N T T T R T Y T T o

A Ak o A A PR R R N R A A R N N N R R A R R R N i R I R I R e R N N D ) A A
o T T R A L A o A o N T T A o o o A L N L N N N o N L L L N T N L N Y N N T S N L L L T T T T T Y T T T T L T T U L S S L T T T L T T T T T T L T T T T T T T T T T T U D T T T I T T T
R F R Rl d R F T FFFFF S FF S F S D FF T F LR S Fd P R T e I R T R R R S R e A A O A A R I N S A ol R o o R R N T R R o o L
L L T T T L N L T L L N L L T Y S !.\.\.'!.b.ul.'\.t\ki.th__lukihthhhﬂh'hﬂttht\\\-\tt\ltll\nktk‘-\-lkttkl_\\-\-il-‘-'l-\-\u*-\-'\-\u'\-'ﬁ‘l-"h\‘l-\‘-\\'-1-\-‘-\-\'\’&-‘_\;
N w
P N N N R R R R R R e R e e R e I T B T I T S i I S P A R R R I R R R I R N N A R A A N A I A N R R R R e I I R A N I B i S A S R N R L 4
L A R R T A e L L o e A L L A A N N N N L L NN AR YRR R AR RS S L T T T Y L T L L L T TR T T T T T T TR L T L T T T T T T T T T T T D D DT T T T I B B
P R T T T e Tl R Rl I i Rl B i i A e e A A Ay B B A Ay e T A R R v e A A R R A e R I A R e i R i i R e e R B R R R R R Rt e O N R A R T R R R il Lo
[ o m W hy L I T TN S Tl " iy T " Sl T T S W T N Ty Y Ny Lo R A T R T N I e o T T e o R e T o e N N W N N ML T R N A L A o LI R R N L oy A UL N L N R L L UL LTI T I UL L T L L T ) LR TR Y
P I R I R N N N T IV N L S S S R O B S B B A T A I R B N B R I N R R O R N N R N R e R e A A I A I I R A R e N R N A N N A N A A A A A A A A A A A A N A A A A AL A A A A T A, L
L e L T e o A o A o e o T A A i N B N "L Th L YR T Ty ey Tl L T A N Y T T T T T T T T T T T D T T T T T T T T L LT L T T T T LI R TR T T T L L IR B T N T N L L N T T e R D D D L D D I T e I |
R T e R e i R e I i I e R R e I I I e A I N T I R R S R R S R R R | A - P el e i Rt R A R R T R T e N i I e T R R R R A e B R R R R S A R L N I I R R R B S S R T R S I I T A N A T L I
Lol Nl Nl Wl Sl Vol il Sl SN S W N S N N N S Sl Sl Tl T AL Nl S LR T Tt W Tl Tl L L L L L L N Vel Yl Tl T el R N L L YL L L T L L Y YL Y L YR YA T L N N N N L L L TR TE T ETLI TR E R T T  T TR DL L NL L T T L T DL E A R TEN )
Flll i A A A B A A A A A A AR A EEENEE NN N P A A O T A A S A A A T A R A T O L S L N A N L N L
L L N N N N T D T N U S N N N N N NN N T N T N Y Ty w N w N L A L T e A L T T e L T T A e L N A Y LT R A e A A L T T T T N L T T A L L N L L L DL L L T T Nk T T ]
F I N R I e A v Rt R i R A R I R R et R i I R R I I I e I R I R ] N A A N A N A AN NN NN A N N A A A A A A N A A A A A A N A A A A A A A A A A A R A A R o A oo
% o %% L% RO ORN TR ORI TSR OA ST OB HR R W YN L L L L B T T L T e T T T T e T T T T T T T T T T T T T T T e T T T T T T T T T T T T O T D e T T T T O e T T I R D I LI T TR L L L L L N YL N T T N DL TR L N T b T B
frrfrr;rprr;rr;rr.’rrrrg.’r.r.r.r..-,r,rprrfr.r.ri‘.r',n'.-pi"q'p',.'i‘f..r-"-'..r.l‘-.r'-.fi‘-‘.‘u‘-’.l'-l'-l-..l'-F-'-'-i'-'u'-l'i'd"u'f-i'-i.-'.-"-'.i'-'i'.-'.r'-'##JF#JHHF#JJ!J!JJ?FJ L A N o L
Ll Tl el el Tl ek el "l Tl Sl Sl T il Sy Sl Toll el S R el el 4 LA S W il T L TR R T e B L N T L L L T L A o o L T T A A T o A o L L N N N L L A A Y N T T LR N T R L TR T T YL TR T T L T TR A T
FE I O B A R I A A N R R S R I I I N R R R I A R A B A R N I e e A e A A B A I A R A A R R R i R A A I A N e A A N A A A S S B S S o S S D A S A N o N Ll N
L Tl g n LR L L LR Sl el Sl T N 4 R T by e e My g oy Lo R L L T T T A T R T T T R N T R T T T L T A T T o A O N T I o A A N N A L L DL T U T D L N L
- F £ rr, P P R A e O N R N R I R R R R R P A T A R e e T A R R N A A A A A A A A N N A A R A R A A R A R R A S A A A N SN o N N o N L
LN RN SN NN R YRR R AR R R E TR EE TR “ LY L LIRS R AR AR AR E RN LT N UL B T T T T I T I D L I D T I I T T T T O T L D e B T I T D LT B |
o T e A i i i e o T T o o A T R T R R e LR A
LY Yl Vil Wl Tl Wl T Whl ThN N R R Y L YL " Tl Vil S TRl Wik VO T Wl Pl Y Y Y T Y T T T Yl L U Rl R T R WY L N A L N N T N T N N A A A T N T N N A N T N N N N N I LN S N T YL T T T T T T T T T L LT T WL T WL T U T T T T T L T T T D LT TL LY
Pl i o R O T R S T o O G ' ol O N R o R ol ol A o o N FFr A r gl M A T A R A A U R R R FF L r s wF oA L LA
T S a T T T T T D T T T T T T T R S T T T Ty - L L Tl T R O T T T e T T o O N T N T T N N N N N N L A DL L N O L N N L L LN LN
P R e e R e e R e e T I e e L e R I e I S e e e I I I T I A I I R R LA A A R R R R I R R e I A R N A R A A A A A N A A R T A R A R A R R i R G R R Frrr
L L L A e T A T N R T L T T T T e L T T T T T e T T T LT Y T % W N L T L T L L L L T L L A L L T L T T L T B T T T T T T T T T T T T T T T T P T T P T T D O T . T T T O T T T T T T T T T L T TR R B T e T T
P T T T i R e R I A A R R e i ) I L A A I L L
LY W il Yl Y Vit Y N L R Ty Vb Tl T "R Yl Y Yk T Wk R N TN TR T Wl Vi T "R Rl Tl W Wnl Tl Yy Tk kR Tk T N Bl Y Y N L T N O N R A L L L N N A A A N N A I A A NN RN NN NN T YT T T T T TN T T T T T T LT T L T b T T
P I I A N I N N I A A A N A A A N R S A A A A N A A A A I A A A i A A A A A L AL R A A L A
L L N S N U TR R L N R U T O L O R TR L . T L} L T T . i "k N T T R R T T T T T A R A T T N T B T T T T T T L T T T T T T T T T e T T T T T D D e T e e L B e L R B . B I " u I |
e R B e L L I R I L R e I e O I It I il N B et I It I e e I I IR A R A R R R R R R A N R R R N N R R A R e N B N N R R A R S R B R B R R R T T A ST R S S R T T T R S R S N S S T T L
L A R o e A T A Sl T A A A o A A L N AR LR L R R R TN R R T R T I L T N T T N L N R L N R A TR I I L T T L L T L L T TR, AT
i A o T T A I A A Bt I IR Thr S T Nt A S B i R S e T S R R A B A A A i R o ] o I A A I e e R e R R A A A A N A o T o A o Rl T R R L
P I I L Y Tl LT WL WL TRl Tl S W T T LAY WY T T L ey YN LA Sa el e Ty ey el Wkl Tal T ek R Tal Tyl B [ "R T R Thit TR Tl Wl TR Tl Tt RN Tl Tl AN Tl T N B L T U Yy Tl Hal BN NN HRN ARE TN AR RN TN VRS W TN R TR TRD TR TR NN URL HRN URN L N UL L TR L LT U L U UL L UL L LR T T N NN R T R R L L N N T L T N N 1 T BN
frfﬂffffiffﬂfffffdff{f.ll"..ll'|i'||i'.|'.||l"||iff.il!‘.fn'fﬂa'f.ffﬂ'n'nl'-lflfiF#J’F.ﬂ'l‘ﬂﬂ'f!‘i"fl‘iff-l'i"-i"i'li'll'-l'fd'-l'f-f-“-I"-l'-"-l"-l'-"-l"-l"fi’l‘?flfl"f?d’f"ffi’fﬁf!’fﬂfﬂfffff‘fffffffffff L
LT R e A A T o T R e T A O T A A e R o e T R A T L TRl Vo T Wa T Tal Vo S L S I S S Tl i e A e o e A L T T T o T o e L T o A N A T T L T T T N T L T T T N T N N L S T L L T LU
I R R B B e e e L e L I Tl T T Rl Rl Rl R R R I e I L Rt el i I D R T I Rt T T S T R R R e | F i e A N A BF R T iy I It R R I A A I . I I L A I R A R A O O B N I I B R R R I I N D I N R R R R R S R R A I I R T R O S T T S S R P o
L A T A A L A A N A N N A N N N YL LT L Y L Y N L ¢ LY TR UL R L Nl A N A N LY % % % % N % M W bR b e choh kR R R e R R R R R TR Th %R L%t oo hoh R b N R R R Ry N A oh by
F PR FFPTFFlR PP RPN PFFFF R F P F SRS F S Fr S FF S A A A A A A A A A A I A R R ot e o o A U A A D A L R R Fa
L T T T T T o e o o e R N T A e e N T L T N N N R N A N N N N N N A N L L N B LY LN N WL N N N N T L S S LYY L N L T T T T T L T VL TR A TR UL L VL I R VLI I T T L T L L I A I Y
B I R I R i R I e N N N A A N NN A RN N N A A A A R A A A A A A A A R N A A A A A A A A A A A A A N A A A S SR
L Tl Wil W Tl Tl R R M T T e e T R T e R e T T A A T N L R UL N R MR L N T UL YL T L S L T R A e . T L T T A R e e i T A A A e T W Tk "o T Tl T L L R S S A A T e T T A T T T T T T T T T T T T T T T T T T T T T T D e T T B T T N R L B Y Tl by Ny
e R R e e B I R R R e e e e B N R I L f e N BT L L s R L N e B O S D B D R | I e R e e e . I I I I T R e e e T It T T R R I R R N I N A I I R I R I I N e N N A N JF L S LN e R B R S I S I B N N N A T g e N A A A A N A P
L I A A A A N N Y I T T T T N N e L A A e T T A e e A T ] 'l..\.'h.'v.\\\'u'\.'l.l..'l..."..'l.."a.'q.'\.'l.l..'l...'l..lg."l..".'l.'l..".h"q'n.*g.'\‘n,.\.\‘\\.i'l.‘\.'l.l.'ﬁ.\'h'\.'l.l.\".\.'!.'n'\\.'u\.-'r\.\'ﬁ\'\‘.'ﬁ."h"n"h\'q\-"h\\-\'\-\"r\‘r\ % koG
F R L R R el A R e el i ¥ Rl I Tl Rl T R e e e A L Rl i et e el e R It e e e e e R e B A i F R v S R e e B I e R B I I r Iar D R R F e e e St A A D A A R R R o N R A A R A T S i S R A
L ALY B T By Y [ L T T e T I A T e o T o A T L L SR L T S A TN L T T R TR Rl il . A R N T T LR N N B LY L L R YR T T R TEE T I T R NN TR R NN TN R RN VRN N T TR VDL TN URL TR RN R LT L DL L N U U N T YR R L L T T IR TR L R LU L T L I IR Y
P A A A R I N A N R N R A N R S S N R R R A A R T T R A F A PR AT PR AP PP P PR R A F PP PP PR R PR PPt d v Fr L rrrrssrerrrdst e ffrd g ddrfdrs LA i
LR T T T T T T T T S T T L P T T T I P T T T T O T LI I I I A L L A A N A TN TN NN T T I L N P UL NS T I N T I T T T T i I T T T L T T LT T T I O T I e T e D I DS e L e |
e L A A A A I A B B A R A R i i A R o T  a Pl R I I e I I R e R R I T A
L N o R i o M o R . T A N o T T e o A W L A L A o N R O A A T T T L L N L N L N S N L N N N N S Y L YL S R L A L L T T L T L R TR T L T L YL LT T T TR TR T T T T T D L T DL T, & N T |
P A A A A R A A A A A A A AR AL A AL AL R N e N A A A N A A A A R T R I A R DA R R T S T L T L L L
I T A N Y ) o TR OE O W MM e R W e N IR TS L T N A T S L N L S L T L O T S T T A L T L L R R N N O L T T N T L S L L L L L T I T I L ) o T T L
P R e S LR Rl o Rt R I Rat e Lo St et e et o R e L ¥ R et R et et R i I i A i R A TR N A I I T Rt L R R R e R R e A R M R N R N R e R R R A R A A R R A R R AT
T L L L L R A o L L T N L A e N N N N L L N N e R A N L N N e N N R A L N N N L N L Y N Y T TR R R Y S LY R N A AT T T T D L TR N T TR L T L DL T T T D T T T L U D D D L T T L L
L R T i e e A A o R R i e N A A A e i B R I R R N A A A LA
Lon 4w kR % n ow o T m o e s w m ow wow o e mT o w ow w w e T g m  , ", ) - . B [ L LY T R R R R T R MR R e N R % R R %% N % N M R R N TR %R % R R R %L, RN Wk \"ﬂr\"\r
IO EEEEEEEEEEEEEE EEER EEEEEEEEEEEEREEEER EEFEE I IR W N e e N T I T T T e T L T TR T L T T T T e e T ) S e e A T e N L T I T
O e R i R i e el o L L L L L R i R e R I e o A A NN A N A B AT A A A A R A A A A v A B A A A B R e B A A B A A A A A A A B AR A A A T A A A
L T L L T T N T Y T T Y D L L Y S L L L T L L L L TR TR T TR L L TR L R L L e L R A e N L N A N T S L A T N T T L D T DR S L L T T T D D T A S D T T D T T T T T O
LA I A A A A R o T T R R o R T S A o R Lot A A L i R T T
| Wl Yl Vink Wl TR T el Ty Wk Mt Nl Wl Ay il Wk i tall ThN Tl Wl Tal tul Ve el Snl Ty LWl Vil W Ul Y VL el Y Y L TV T Ty Tl Tg % L Y W L Y Yt W L L T [ T T ML VL P O T T O T TN VR N R N N L U N N T R LA N L N I T L YR L L L L L T T T T L L T T T T T T T T T T T T L
P R N N A A N A N A R R A N R A A N N N N A A A A A A A A AL T A ol S O o N N R N O T R T L
L T A T N T N A o e T o T A A L T A N A N N N e T T T T O WA e T T e T T T T T T R T L L T T o o o R L R N T L T T N L T e L I L I T L oW LIRS T Y N T T T L Y
R R Ay R L R I B R R R R S R D et i RaF R S e LaF B R R i R R I R R R I R T Y S A I R R R L R I R R R N R N R N R A R N A N T N R T
A NN T T T T T T T T T T T T T T T T T T T O T O T LT T T T T T T LB L N A e e L L I . T T IR T T I L L . T L T T N B DR I N L L B L e D L I N I L T L T T T T O e T D T O T T I T DL T . T e |
T I R A A A A A T A A T R T R R A S T A S A T I I A L el I i o o o T T I
L e N T T R T A R N A e N L T L N R R N oy om ok o ok ok b R ok o R oh R ok b ok B R R R R % k4R T LT TR YT RO ROt R R R L L w R W RN L L By . b "\r\.“h’
WL R W W I EEEEEEEEEEEEEEEEEEEEEREEEEEEEEEEEETEE] LI IR I N N R I EEEEEEE T EEE A R R I I T T I T o L L Sl L
;.ﬁ-..l,.r.i..!".ﬂ..i.i..!:.ﬂ.l..l.ﬁ.i.ﬁ..l..i.p.r.-..r..i.-..-.!.-.-J.r.-;ﬂ.!.!.-.i.-.!.-'.r.-.ﬂ.-.i »,F For A .-*.r-i.-i'.F#.-i.i'.-i'.-l'-i'ﬂ-p'##JJ\J‘JJJIJJ‘JJJ!J‘JJ‘JJI'J'-l'-i'-i"d'l'-l'-l'i"-i"-l“-i'-l'l'-l'-i'FFJJHJJ‘J‘JJF:"-I"JF!JF-"J'-FJ' L A
MR M R e N R oMM e R R R R LW O R M TR R R o v R R %N oy LR T T A N e A L N N A R N R R AR AN AR T T LI T L T T T L T T T T T T T T T I O T I T ) LT TR
W F K F X F F R RS dF AP F PP L FFF S F ST FRT FF R T e e e A N e i AT A A R i R R R T i T T Lt
L R A T T R A o R o o i DLWl Wy W Tl T iy Wy T Tl Sl T T D T Ve Y S T R L R A M N L L A e A e A L U L N A A R R o N A N N A T N o N N N o A e A o N N T T N L I LI PRI TR L LT Y
A R A I R A I R i L R i R e R R R i I N I A A A A A N A A A A A A A A A A A S S A S S A R R A L
L L T L T YR T Ta Vo Tab R L TR TR e ik Sl R N L TR T T Tl Tl Yl TR U W B T T T R R N B A B L T A B N T N L R U L L L N N N A N N N T T TR IR YT LI L YL B B T L T D N e TR TR B NS B | I T T T T T T I T I T T I T ]
R R e e e N I R R I I e I N T i R ] L R R R N I N L R R  a L
L D R N N T Tl el Rl T Sl kL L Ll S N L N N L S LY T L N T T T R S R TR S R A TR R T L T T T L T T LRI TR TN T T T L T T T T T T T T T L U U T O T T T e
FF P FF F F Fr R R Pl d A Fd P F P L & F P s FFF S F P FFFFFFFF T N S i e R AL R N A A B R R i A Lo R R Lo i A
T R T L e T T T e e R A T T T o A R T T i A T N A R T A R e A T A A R e i A o L T o A R o L T T i e o I o R R O N N I A L A YL Y L N N L A A N LT YL LT LN T R L I LT L L R I | LY TR Y 9
o R R R L N A B A B N A A A A T R S B N R N R R N A N T R S I R P A L R I A A e I e I i A A A I R I e i e e A A A A A A A A A A A A A A L
L T e T e N R A A A A A N A L L L L L L e S T Vo L T T L T N L N L T T T T T U N N U N N N N N T N N A A e N N TR L I L L B R R L N L L I T I A N L T L T D T T L T L T T I T e T D D D T T T )
P R I I R L L A e A R I I I R R LR R I Ry A e A I I L R I A R I T I I R R R , o I T I R e e I e e A R R R N N A A I I R I i e A R L
L R N A N N il S Rl T A R R Al R L R T R N Tl L N A ¢ Ll L . YL NN S [ S LT LN L o N SN N LS L Y L T Y L S DL Y N S A N L P T L L LT T T T L T L T T T T T LRI TR I T L LR IR T YL I R TR L TR DL DL LT R T A TR
F P D FFFFFLPEFPS PP T F L P PP T P FF PP FFFFEFPTFFPT FFFFSFF o FrFFFEFFCFFrF P r S FF e r e rr g ar s L L i ol N ol i a L
LT Rl e e Tl T Tl Tl T Tl T N R i Wl R Tk Wl Tl T S Ml Wy Vil il Wy Vel Ual Tl Ry el TUR Vel T T Y L T T R R A A A o T L Tl i T L L T R il T T i T T T T T VR TR A L RN L N L L L L TR U UL U L PR T L Nt Lk L LI T O A T R T T T T T T T L L TR L L T T L I
e R R e L i R I R e e N N A I A N N A N N W NN NN P A I A R I A R I L e N R A A A A A A e o i i A i i i A A L A A L A A, Ao S
LI RN TN R T E Y Y T T T T T T T T T T L T T e T T T T L T e T T T T T T T e T T T T T T T T L T T L R DL L B I T B B D N N B B T R DL T R TR B YL N I N R B BN N L N B R N B B | D T e T D L T B L I I T T N W | LT I T
e e i i e R e e L I I R T R e R e N I T R I T I T I T R I A A £ F xR oA
L T T S A T N T Tl A Tl O Tl R T TR Tl ol O i W Ny Thr VO A Vg U TR Wt VL WL L W U Ul A Ual TRl VO TN T ¥ L N L L L L N o L N A N T N N L N A N N N T L N L L YL IS RN NI I L Y R L T TR YL T TR T L TN L T T TR R Bl T
I T I R L N N e A A N N A A I A R A A A A A AN A A P A T A A R e e e R R R N A o N R A A A N N A A A A I A A o T L L La o
L A T A T T N B N A A O T A I T T A e I L T R L T L MR SR TR L R T R T T T T o T T T T R T T o R T T R o A R T N A A N N N A N N N N N L T LT T T N T T N T L T T ) AL
P I I i ar o L R a t a R e R i R i I I i Rt e s e e I e R i I Al A R R I A R R A R i R A A R e R A A R A A A A A A A A R R T R R A L
LA I N I NN NN Y T YRR R N T T T T T L T L N N N L T L A A A A N S YNNI ISR T I I I I IR T R T T T L T DL L VL N T L D T r LI
r;ff;r;‘rrrrr‘;rr.—f‘rr.r.rr‘rgrp-.-rrrfr‘rr.*.'.ri.fr.r.fr\.r.f.-.-f‘.-.-.-.r.ri.-.r.-rr\.r.-.-f.r‘..-.'.-'.rr‘rfr.-'.f‘r.-'frr‘n*f.i'au".ﬂ.-'-ﬁ-ﬂJ\H#-'-'-'\!-'-'a'#‘-’-"-"'--'-!".-"-"-"-'-'"-"-"-'-"'-"_'.-"'!J#Fhf#ﬂﬁrhﬂ'##"J HoA
- -

— m— ‘ﬁﬂﬂﬁ!ﬁ#ﬂﬁrﬁﬁﬁﬂrﬁﬂﬂﬁrﬁﬂﬂﬂvQ&r ﬁﬂﬁﬁrﬂﬂ: Pt it Qﬁﬁﬂrﬁﬂﬁﬂhﬁﬁﬁﬁvﬁﬁﬂﬁrﬂﬂﬂﬁrﬁﬁﬂﬁrﬁﬂﬂﬁr9#3#&Aﬂﬁﬂkﬁﬂﬁﬁ*ﬁﬁﬁﬁrﬁﬂﬂﬁ!iﬁf**ﬂ*hﬁﬁwhhhh F*%h —
L T T i T T T T e I T e I T T T R L T T A T L R T T T T o T T T R T T o R T o L T O A N A N L N N N L L N N I A T T L L N T ) L
R R R R i e R il R e Rt e Rt e e e e e . A A N A AW A AP A A AR it i T Rl A R R N R R e R R A R R A A N A N R A N A A A A A A A R N R R A R FoAoF N
L T A A U T U T TR R A A L A A A A T A T T N N L R A A N N T A A A T T e T N N T T T B L e T TN AT T T T B T B LI T T T T T T I | L T N I D N T O B | LI I B
I I e i R A i i I T e i e e A I e R N R N N I I I R LA A
R N A T o Ao R e e e o it N T N Vol L W T T S Wt Y LSl R M T N L N N L Tl T L L T T A N N N e N L L L L N N N N T L T T L T L Y L L IR L T L L T TR T TR T T P T TR R L T T B TR T
P N A N A N A N A EEEEE NN A EEE RN A I T I R I e et A R B A A A A R A R A R A R A A R A A A A R R A A A T o R N e L
o R M MO TR W M e T T TR TH R R O MR TR MR TROTHY TR e TR T w My e o W W M e e Ty Tm e i e m L L T L L T R T T A A o T A LT A A A A i L A A A o N O A N N A N N N N N N N L L T T D T L I L T N L
N I A A A A R e e N N N A A A A A A A A A A A A A A A A A A A A S L L L F LA E T HAE A A FFATFSFF A NCTET DTS FFSFFAFFEAF TR AT L
Lo e e o A o o e S L L S e e T L L e ALY N A T T M R MM R R TR MR R R TN R RO W R OTHT RN RO R RTE R RN R RROE RW R WY RN RV RRE AW R W Rt w W oy
*, roar FF F FF A FFFFFFF T FFFF R FF F o F o Fp oy r s L - LA A A L A - o L o -
P Tl Tl e A e e T e T U T L R T T S S L Tl W Ty Tl " ey Tl TRAY A W S [ A S T i T S i a  a N R T TR T RN RN A L T L T N L N N T A L T L UL T L L T L L T L L L Y Ny
s raS R A I R L N N N O A A N A NN N EEEE N EEEEE NN, F Al A F A o A I N A N RN A N AL LA N A A B T £ Fr
L A A N L T N N N T T S T T UL TN U U S R R R S UL L U U U N L T Y L NN L T T T T L T R L L L T T S L A N e T TN T I T S T L L R L TR L N D R T T T T R L T e L R L Y
I I R N N I I R I R R R I I I I I i I e I o A A P A R R I R R I N R I N I R R R R R I R N I A A A P I I I T I T T T G O I T T T N SR R S R . fr
OR % R % N %N R N R R TR T g By By T WO, N R Oy N % R T W N T N N N % T R R M L N YN YA YRR AR AR AR T L R AR E R AR R R R E R E R TR T T T T T T T T T T D T T T T T D T D e T D T D T b T N T
F Fa & F F F FF P FFF T F & FF P F o F A FFF FrE YW sy L A e I R N N N B A A A A A A R I R R R e o o i I I i R i i L
LR Tt Mk R "l YRl Tl Wl Th R Wt it T T Tali il TR TlrThk ThiE "Aa Tt b ik el YREY TaiY YA Tai Tl Tl T RN ol Toly ol W TN A T TR Y | R N TN TN TN TN TN RN TR R TRy N LWL L W W LA T A A A A UL L A N LR R e R A o L T T T A A A N A L N N O N L L A O A L L L T T T B L L T P
P A A A A A A A A A A A A R A P R A N A L N N N A AN A A A AN N A AL A A S L R £ rFFr
L e A T N T T e T T S N B N T N T T U T L T T U T R e e N L . B T 1 O o T T T T T T A T T T T e i L Y L R UL U R N L T e L N L R N L B N L R R T T i B L L L Y
R R R R R R N N I L R N L N P I R N I L I e R e R e N I R I I R e e o R R R e L e L R R i e R R R N I R I L R L L I I R N N AP A B I B L R R I N R R A I R R I I I Pl O
L N A T N N N A N N A N N A N T N A N N N T LT L L N L A L T T R T R O A T A A A A N N A N N N TR T T T T LT T T L N UL IR DL T L T T N N L U N T N L B B N | LN D B
W F o F T F S FF S F A TS F RS FFFFFF T FFF R F S F LA A R I A R O o R o o G ol R U R I i R R R R L

L A S T R e N N T N R S Moy T Wy S Tl T T Tl T A N R T R R R R R T R A R R A R o R N T N N L T O R R O o O A O O o o R A o o A o o o N A A A A A A N A N WL A T UYL L N VUL UL AN L U T T T T TR TR U L VL T L L TR L T O R T T TR T T U T T T L L T T oy W N
P I I A A I A A A N A A A A A A A A A A N A A A A A A A A A A A A A A A A A A A A A A A A A A R ol R O A N A R L L L R N FrFdr
T T T T T T T O T O T O T T T T T T T O T L T T T T O O T O T D R ) LU T T T A A A A A A A A A o T A L L L L T U DR T B L T I T T e LI T T e T e T D T R T T N D T T i T T e L L L St
R e B I N R N R R I R I e I I I I N I T I N e I I I ;:g,.rl,ii..i..r..r.r.!;JJJ.&JJJJ!JJJ‘J‘JJJJJJJ'.FJ':J'.J'J'J'..I.i'.r.l'.i'-'.i‘.F'J‘J'J‘J‘J'J'J'JF.l"n'J'JJ'J'JFf!#ffffl'fffffff!?lf‘n'"f\i‘f

v - F i s

e M M ML My T e Mh By My Ty e T ML T My a N N M My T ML M, M Mn M T M M My M By M T My, T M, N G oM L T T R R N T T T T R R A N o A A R T A N N N A N N T T N N N N N A N L I T A T L T T T T T L T L L L L T, S L T T T T S T S L T
L N T S O I SR I S A R R I o L A P I I R R R I R R e N N A N N N N A A A A A R A N A A A o N A A O T R N TN N
L T N T L T T A e L T A A e T A A e B N B A N T T T T ) L e A N NN RN E RS AR AR RS AR E AT T T PN N . T B N D T D N L I DL L I T T T I T T T L I e I e I L B
.-‘.r‘.ﬁ'h.vtf‘.-L.it.-‘.-h.a‘.-‘.-‘.-‘a‘.-\,ux.-k.r‘..-‘.r'h.-‘.r‘.-‘..-‘.-‘.-\..a‘.-".r‘.a‘.-".—h.a‘.p‘..-‘.r‘.-‘.-‘.-‘..-‘.-‘4-\..- . P A * o, J".J‘.J'..F\J\J‘.!‘JLJ‘.|l'.ll.|l'LJ‘-I".JLJ‘#‘.J\-J‘J‘IHI‘I‘J‘.I"J\J‘!\.l'\.l‘.l'\f ad LR R J..J‘f‘f‘..-l"J‘.J‘f‘f\-lﬂf‘f‘-i‘r\.f‘.r‘.ﬁ"f\.i‘f
d.*-li!f.fffffa-'.-"f‘.i'.u"-".nl.r.lf.nl'a'-"fr.".nrrffrt:r.ri'ffrffrf";'r‘f et CIE A A A A O A G R A A [ i o A A O B
-y " Py T % Tm Tt s T T Tm S % Tm T e tm T R " T T T % W [ e Tal Nl Rl Say Yy Tay ey S Tl T NN Y LYy S T W T Yl Tl Y N

L L U o N
b \.'F".,"'l.r\f\f'\.-r"l.f\r\.r\’\i'ﬁ.‘r'ﬁf\f'\f'-ftr u b T . T
e i R

O

FIG. 11C

SOUNNMANAN N

r
r

-
- T " " F -, L
LS LSt L1 ™ m
- LI 4 - P a I I
k& L] Lt L] LY I ILr LY T T T
i F rr o ror r v . . o
s o e rhr "] Y . . ;Fa‘:‘;‘r ]
- * Ll
L L LYY LY L M H LN
i LI R oo, L A 4 . - o, F A
[ L 8 LT N L Y LY " - LY T
e LA v L r !, : - . Frrrr
LI L B L L L T T T &, L . r kLA
L L F Fa r . » E s
LYY W kNN LIRS LY L LY LY L L LN N
Fr LA - LN L o , " " fa" P T
[l LT T [ [ L9 LY LY LI Y L T L L
i ’ P N ”, £ r ' r r L
N " oy w % LI - L " T tm Y Tt M L A L.
Fi. F I R L I | rl . ) » E] A I N R AV I A R A A s
L% LI TR LIRS LIt L T T T LY LY VL A Vel Vo L Tl R N N PR LY T % Y WY
rr LA AR A - g A ol i A A A ¢ [ R T I I R P Rt R R il R |
Y S [ [y [ T " Ve T "NV Tl R N LWL VR S L R AR R TR R R LY LR T T L B
e L L , - £ r F L FFrFrFF ol L F A AL A A A L
LY oy w L™ LY e T T T T T T T Tt e e oty Te T b R T T L A R R
F F I R T Sl Rt i Y -, - i P I R T R T e R T R R ] K] FAEIF A A A A A A A L A
LY LIRS TR L™ WA LR R AR AT L R TR T L B L L R L L T
rr LA P A L FE Pl N ol A A r P ol o o o o o o F N A e
" [l i T T [ S LA [ N 4“4 L W v on Ll Y L R L UL T R R R L A Y L T L LR
£+ AR P I R i r P I I I A i A L P R T
L T T T T T DL T ] LI T N LI T T e R o oy T b R R W W L A L
F I R I I i e Tt P I L R R L R s PV A A R A A A R I R A
L U L UL VL T R P R LR T S [ T 1 L T T T L L T L T Y T T T T T e B |
fFFr e rFrrsrr LA R A r N R o E 0 i R A
L T R e T S WL L T T T T T R L UL T N L L L e
At Frr F A PP FFST f A S F A A,
e T T T T T . D T T b I e T R ] L L N L L L L L B N B L T T e T N
e N R et R A g T T e T , R A A L LT A
L L L L YL T R R L L LR N T NN L T LR L S U T L L L T I L L T L T .
o F ;S FAT £ FFrFrer ' FFF e rr 0 o P A R
b e T L L T L L S T L T T T Lo S L N R L L L L UL T T T e B L L I T L R L Y
r E A A Fir A FFr 'y Fr o et frrr P A N A
e T T T T O T T T L I T T T T T T B * e T L T T D B U D ) T T T T T T O
T LA ’ P I A F A A N
LT N U Y L N T T T T T Y, %N R RN O R Y NN YN, L T LT T L P
L A A A £ £ £ FFfFFFr r [ F A S o S S A S o A N T
L T T T T T T T T L T L L T T T T S L N L N N R U N WL N LA L R L UL L WL LY
& F L FF S S ST F AR T 'y Frrarrrsrrrreres FA AN A
L N T T T T T . T I T T T T T T T T L T e L L T D T B TR L T T T B T ]
Pl A F ol i i i P i A ! o I R R I T R Rt R ] I I I
LI T T T L T T T RN R AT RN R LA TN
[a £ Ffrr e dFrfFFr r F P F S rrFrerrTr A A
A e o ;-;.- Y "";*"‘;" . -.f-'.r-.-r-.;.-r-.‘_-.‘_'-.r'.fml'-.l'_-.lrm;. fhl'hf\ﬂ‘ rnrt"-."i."
L T T T T T T T » L T T T T T T T T T T ) T T T )
I e o - ‘f‘f‘f‘.ﬁ‘-ﬂ‘f‘f‘f‘. . '\.'F"-'F'\.r\- T I
> FFE ISP TFST ' F T T A ol S
P I F ‘J-'f.rfhf-’f‘f‘-f‘f.-fﬁ.a'ﬁll'..ll'ﬁll'h
L AT 1 ‘ L T T T T T T T T T T T T

-
-

[

7

SRR NN NSNS

SRR

I IIILI AT

hbmmehwssndwtirrFadb
asnmdas bl FhEhas &
Tirrranen
mmrhirrddah
TiEEEEs
maawwrkbddam
h /

>
7
7
7
#
’
s r A rrsrrarrdy

ANNNNANRNNNY
7

SRS SN
PRI SRR S A

)

7
A

I PIIrbi

N

SIS IS

FIG. 12A



U.S. Patent

1

77 77

Mar. 8, 2011 eet 15 of 27

", "3

’

s

P .
hf:f: hr
H#hthh h,hF
"ﬂ.’h"-.l'w. l-'l.'il'-."I
"h.'rl.rhrb. IIIIl-.".lv."l
- LA rhﬂh.i
ERE LA
LS Rl L
AL LA
L Nyl Ay 8
LJ\.'.\.’\."
'h.#h.'l\."\.’
L A
"f".r"f"f
LB L LN
f‘f
r

~

r
L LY R e
F L L L

e e T e T T . T )

!".\r'
rr- -

w " W N
P L o

T T T T T Y
e B B B B T

™

"
FAE N
L

r
'

y
'II
|

o
-

P
)

e e I T

-

FIG. 12B

i
G

2/

L U Y S BTN T o N A R N N N N R

US 7,902,573 B2

G

FFFrrFFrT PR R YRR F P T & & FFFFFFF 8 FF PP rrr P rrrrerr L o N A L A N
LR NI T T T T T T O T T T T T T D T D T T T T T L L L L S A I EEE R EREREREREREEREEREEREEREEREREEREEREEREREERERRERERENEEEEEEFEEETETE T R T T T T T T T T T T T T T T T T T T T N L
£ o Frrr L A A A A A A N R A o o A A A A A R A A L R e a
LR T T B T T T O T T e e T e T T e T T T O T T T T T T T T T R ERERAREEEREEREEEEREE AN R RREREEREREREE ISR EN A AR R R R R R R RS R T T T T T T T
A A AL A A A A A A A o B o A A A ol o A A A e L o o R A A L
LR R T T T T T T T T e T e e T e T T e T T T T T T T T L T T T AN EEEREEEREEEREEEREEEEVMERREEREREREERESEEEEE R EERIEEE SRR T T e T T N T U N L T T N
A AL A A AN A A A S o o o A A o o A o o A A o R A AR
L T N N T A A A A A A T T T T T T T e B L T N T T T B e T T T T R T T T T T L L T A B N A e N e e e e L YL YL L T A I IR D DL N U B N B e B B S N N B T N L e e DL T T T T T T T T T
I o I I I A A R I T T R e N A o I R B P i o i i i o T A e A A d B oA F SR
L T L I T N A A A A N N L L T e A A A o A L A A A N A N A A T T A A S A L A L T T T A Al T L T T T T A ] T T L T A A o A A A A L L L T L R T T L O O T T T L L LT L Y B L L N N T N N U N YL LS
P e e e e N N A N R N I N N N T I I N A N N g ) I e R A A O A A N A R A I N R R N e I N A A A A I, A d A ddEE S F SRR
L T T T T T I I T T T T e T T T T e e T T e T T T T T T T T T T T M L L T I T T T T T T T T T T T T T T L T T T T T e T L S T T A A A L L L L L A T T L L R T L L L A T T R OR R Rk L
A A i A ol o R A A A A A I A A R I I I i e A a s A A A RS
L N L L N A L Y B B S W B N R % kR L L A N L e A N L LY L L L R N N T N e Y
I I R I I I ) L R B N N T I R R I I A R R R R A A A A T
L% [ N W T N LS F L ALVl T Wl Yl Naly Tl "R e Vel el Ly LY S T L Yk Y L X tkl.h.h.h\i.hﬁ.hh\.
I I A N N e R R F I R I I R I I I R I N A A A A R A R I A
L L L L WL T L LI L AL YR L T R N N N Y L WL W L L R Y L UL UL R B N L A A LR
I I T R N R R I R , £ & o o #FFF PP} A A A R A
LI T A A LN L L L Ty Tl Tl T Tl N Yl L Nl a4 L L L Tl Rl i R L 8 AL R L L N T Tl Bl N R R
RN D I AR AR A B R R IR N N F I R R | I R R R R A & P FFFr AR e} P N I R R R R
F ‘J‘J'L 4 - ’ - ’ - r I|I'.I'I|".|" I"'n" I"'.!'I‘-.-" N ’ » F * .l" F N F I'h.."l'h.nl'.‘k..!ﬁ o’ ""..r‘..r‘.r ""r . J"J ‘J‘f‘? ."f "“r 1lLJ* x."' > r 'hql“ 'hq*tf * i" i“"l r \-l" i’ hf . ’ l‘..ul'l'..ul"‘-ul" 'hul* kul* I'-.l'
.|F‘f‘f"r"f"r‘r‘?‘f‘t‘l‘-’l‘f \.J\f‘\‘rt"\. '\.J'\_'\.J'l.;hf\.f\-r\ J‘J‘f‘f‘r‘r‘r‘r‘r‘r\r‘r‘r "r"r":‘r"r'"r‘-"'..r".r"'r"r'“r‘.r
L P VR VU T T VO, VR S TR LS b T T T T T L L S L LY %% % AW R h R R T T DEE T T B T T L B,
O F R EE S E T T A R R T R R o o
Lo N A A A T L N L LS L LT L L T T L T N L LY L T L Y T T T T o T T T T T L T T T S T R
#PRFFF RS F S KT S F T F P FFFFF o o« & FF o Frrrrr
L N A A A N N T N LS L L T T T T O T L T T L L I O T T T T T T T O T L YL L
AL A AL A A F FF &S Frrr & F FFrrrr e d & FFrrefeFrrrerrs
L L T T O T T T N T T T T T T T T T T T T T T L T T L L T T T T T T T L O
W FFFFF 8 FFd S F F & 8 FFFFrr & FOFFFFFrrF o d A KX FFrrrr
L N A A L A L RO R RN O e e w e L T L T O T N T S T e T T T e T T T L T T
I R A A A A A LI NN N R ER A A A A A ol A
L N A LT N N T N RO o oW Ty oty R L T T T T T L T S T T T T T T T T L Y
A A A T I I LN R NN A o A s
T T T T LY e N T L L Y e I T T T T T T T O T T T T T T T T T T D T T
[ e N D I s e P e N A R R T R R T R e N O o L I e N I i -
Tt e e w e ot e e e T T T T T e T T T m tm e ] b e T T T T T T T T o L
P N I L I e e - e N e e N A AR T -~ P R R e A
e e e e e e w e N m Ny L S N N B T T L T S Ty 9 L A A T L T L AL e L A R A L A A
A T I R R i I R T I L I I i T T e I I R T | o R R R L R I N I N N N R I I R I N I i R R R N I N N N N N A N A A
T A A N A A L A e A A A A N L YL Y YL S D S S Sl Yl Sl A 5 L L L N R o T T T N T A A N R N L N N N N A N N L L N A N N LN N A A L L LN DL LN N N AL AL Y
I R R R e I I R B e e . e T L R e B I I e I I R | I I R i R e I I R i R i e R R R N I e e N N I R e I I e A N N R e e e R N N I I R N A N A A
L A L I T B R TR R Tl il Tl T T I T R A AR N S N T T i i Talt el S T B L T T T o A L I o T T T o e o A T N N N N A A L T A o N O N L T T A L T " VL VRN W T T W T T TR R L TN AN N T TR RN UL R e %
I T T i . T R e e N I I R R N R e e I e I N R R R I I R R i i R R R A I I A I I L e R I R R I I I e e e e N I I e e N I A I A e I I A I A
- R % % & b o L Tk w m  m kT o o e R o b om o e om om g om R R Bk LY LU L N R L T N Tl L T T N N N N N R R N N Tl N L L L L AL UL N L N N N NN WL R L NE LN A R L N TN N N N TR R L LN B RN N NN N N N N
L A I i T I e R I I I I N W I W N N P R I I I I R I I N N R R N O I I I I A N N N A I e e e R R I I I I A N N N N N N A R N
oK wohe b Mt TR om Ny om R % R m w b om o omw hom o m m N Rk u L L L N A A A T T T T A A T N A T N A A N N L LN A N UL L N LN UL L LN N TS R N LN L LN N N N L Y
P A R N I e I I I I I e Rt R i e e e R N N I I I e e I e I ] P e i I e I I R I I I i I i e I A L e e ar ar an v et et Iar v it i N R R I et il R i i i A R R N A v et e I R ¥
LS S Tl R Tl Tl Bl il R Yl T T L Rl S S T il Sl Tl T N LSRN L N R N L Vel Yl L SR L U TN RN RN N VR Tl Wl Y W R UL URE VOL NL TRL WL VRN YR VR N RN VRN VRN VRN VN RN 0D RN VR TN AN L L WL NN VRN VRN NN VD R N UL O LT AL TR N DN TR L L LWL
FIN A A N I N e R R i e I I I I I R R R i R e I B I e N P A R A T A I A A A N R R i A A A A N A A e A I R I A A A O AN W R N A A N A A A A N F A
Wl bt b bW Lo R %L LR LR T % TR TR R R LR R b LT h 1 y hy e y y hY L1
4 /
AIEEEEEEEEREEEEEERE R E T AT E TR R A R R E R R R R T A T A T A T R TR R E R E R R R R R T R R E NIRRT R RN AR R R EE E EEE E E E
L A o i A A A A Fr e e r PR S e e e e e e Ll o
R RN LT T T T D T D T T T T T T T T T T LR R ELE R E R AR RN R R R R R T R L R
L i i i o o i I L N o i o A A L
o e e T R TE TR RN R M MO R LT T T T T T T O T L N SR O T - T T T D T D ] b W e ey N ot e et e e e T R S R e e e e e e e e ey
A I e e R R e e N N T A N e e I N I I R I I I R T R e I I A I N I LA
L A A N N T N N N LT N L N R T A e A A A A o L N S S T A LY LT T T T N L L Y L N A N L L T A N o N T L e e A o L L L N U L L N LS L T L e S
A R R R R ] - A A A e e i N o i o LA L A A A i A T L
N N S R L R L L L N N T LI T e T T T T T T T T L L L SO L L S = T T T T T T T L u L L N N B N T T L L L L T L L L " I T T T T T L T L
N I e N O T I i ] Pl I e e e R I e Ea N FalE I N N N I A R A A A mm e e L
R R N L NN R A A A A N R L L N A A A A T N N A N N A A N N T R T T T L O T L R IR L L U R L N N W TR N L T T A A L N T T o A N T L N N L Y n L N L N T T L L Y
I L e N I I R N R N I A I e e I I I e I I I T R I I I e e e N A R e A I e R N N L
L A A N N L L L R R A R N A A A T A A N UL T N R i L N A N N N N o N N N S AL L L T L N N N N N N A N NN YL LI YL L N N L S L
L N R e R R A A d g d A LRI ) i R D R !
LN R A A L L L L L NS LS BN L N S R N N N LY o B W R R W W W W W T T Y Y
IR I I e i I e A g oA AR N S FFF F S S FFFFFFFSFd FIT A R R B R R R !
[ R N N A L L L LS N L Y W Nl TR T A YR NN N LWL N N N R R L L L LR L Y N
F I N N I R R I R I I IS IR I I I N NN I I I A N g R AV I I N N !
f.'rh!'.'.f‘-.f‘-.f‘r‘r"-'tflf‘.f" "J‘Jtl‘fhd‘jtf.'f‘-r‘rhr‘!“ f‘f‘r‘r‘r‘:‘r‘r‘r‘.r"f".r‘.r J‘r‘r‘:tr‘r‘rhr‘rh
l'.'I.‘|.'|.I'.ln..l'.'|.II|.‘|.I'.'n.l||._''n.l!.''n.llll"in.llll"l.lln*h.lll"n. ‘;‘g‘g‘;‘;‘;‘f‘f".r"'f"".p\.r\ ’\f\.f\.r\.r\f\r\r\r\f‘nf‘-I'\lr ;\f\f\‘,ﬁl‘_‘h’_\r\rt,\
L T N R N T N N TR L RS L N N T R T R N N Y LY N Y Y R R T N N R LY R Y N N N 1
L R I R Aod A AR TS LA R F ST
L Y N N T L Y My By Ry N By % A B BB R W LT AR L T T T L T T T Y
FFFFFF A F & & F X ‘.r..r.r.rr.rr.rrr‘r.r FFF A FFF RSN FFFF R
— gy g i o ol iy Mg gty N il el by Tapgs” gy, Wil gl el " —
N N A U T T Y WO W O T N T % T by By W L L T T L T T T T T T D O T T
FF F o F FF & & & S F o F S FFFF T FF R FFFF N £ F P FFFFFFFFT
LY T T T T Y Ty Tyt Ny Ty by bty e By by Ty LR E AT L T T T T Y L Y
LA A A A A A ST I I I T LA A N AN F S F S LA A A A
L LN I I T T LI LU T T T Y Y L R | ] LI LT I I I T T T T T T T L]
LA A A AT AT A I P A A A A A AL LA A A A A LA A A AL AN
L PR P T LT T LI T T T DL U T L B ) L UL T N T ) I T T T T T T =
[ i e A R S R R P R R T R I R R I e T I I I
T TR L L N R LY Myt iy e Mg ol oy by by Iy by g Yy L A T T T T T T T T Y LI I L L L L T L N N A 5
[ I R I R T T T I L I I I A I e R R N N I I I )
TR T T T T T T Y LRI IR T I Y T IR L I T T T T N T T T T T T e T I I
Ll i o R o O L A A L o L
e P T T T L L T T T T T L A L L L L N Y B oo bbb L L B RL R L T L
R R e L R I I I I I I e e e . I I I I I e N I I F R I e I R I I e N e N I T R R R F R R R e e e e e A I R R N N N I N N N N N R NN Y Y N
L o T A i A N R N A N A A A L S N N S R A SN N B N L N A A N L N N R T T T o T R A A A A N A o o A T T T A N R N A R N N N N N T N A N N N A A R R N N N N N N N N L N L L L N N O UL TN UL N LY
P et T St B R R e e e A R I R R e I s R e e e I e R T S TP T T T e I I R I I R R N I I I N R e I I N e I I I I I B I I I
L N T A T N L A N R A N N A O N L L A A N N R L N A A A T TN N P W W Y N R T T N L A L T e A R o e N A T T N T A A A A R T N T N T e T A N A A N N N N L N N N N N N YN YT T L T T I N L W U W T N T T Y
Fr .r_.r‘_.r‘_.rt.i J'.J"J“J‘;‘;‘.J.ij " "’1.‘ F ;“;"j“.i }":i F .u-‘._..i N N R N .rt.ﬂ ..i'..p'...*“..r i.'r*-Jt#h"t‘t;h’h’h‘h’h"\’tr#'r‘-r'."'r"k"l‘lft*ﬂ"h*h'h’h’t,t#1-"\-’MJ'LJ\.Jl.J'lJ'hJ!Jl"fﬁ‘t’k’h’t#h,\-’ P R R e I I I e I I R I I I I A .r.r..r'..r
noW b LY L LY L - LR T W T T B BN R % LY
L N N R R R R N e N i I R I e N N N i A A A A A A A A R A A N N A A .. - o
L T T T N A e N A N N N L N L L U A UL B WL N UL R R N VL L VR TR L VL VR W T VR T TR L R R R o T L N o O L T L S T T L L T T L T T T T S TR ML O L L L L L N e o o o N o N L B L N N L U S L YL U LN L L T T T L L L N L W
LI I R R i I A I I L N A I e e R R e I R B I N R R R R R P A A A A A A N i A A A A A A A i A A A A I A A A A A A A A A A
i"‘f‘f‘-f.-f‘-ftn“‘J‘.J"J‘-J‘I‘LI‘.J‘!‘-Jhl'l.f'.‘.r‘-.l"l.r‘.i"lj"..f‘.f‘E‘J‘J‘J‘J‘l"d".i"—f.-f‘f"rhrhl"J'L.\“t..l'LJ‘.J"J‘-“ “;t;‘;‘j‘;‘;‘f‘f"f".r"‘}“.r‘f"‘;"';ﬂ';".r".I'"'_.r"..r"..!‘.i".r\'i"r"‘;\'ft_r"'.rt.rL.!".p".f"..r"'..r"_..i‘J"f"}"ﬂ“{‘f‘?"‘r"r"}"’ tl.i.l'L"\j\f\.‘.‘\’\rﬁf\.’h’\,\’\r\’\f\.f\.lr'l.lrl.‘\‘r".’"-rl.-rhrh‘_\.rhr\.r\rkr'hr'hfﬁ-f
B b bbb T T TR TR TR OR O T R TR oOhhohh bk ok RRLR LALLM LN L e T L W Y T R Y Y T TR T T . T L R R W Y TR R L TR N L L L TR N SR TR YR YL VR TR U TR N R R U B L W L TR T T O TR R T T T L R N Y P T N
A A A A A A N A AN A A A A A A A A A I A R I I e e N N A A N N A A R A A R R R R N S N A A A A A A A A A NN LA A N A A A AL A AL A A A A A A A A A A A AT

.

FIG. 12C

2,



U.S. Patent

Frorr
LI
rrr
._\'_\
L

.r"'.r
L
I
LY
.
.-".r
.-."

FAF A

‘.‘.i"
-
L]
-
LY
'h,
|'
)

"
-
F

L

b |
r\..r
1-"-!"_..!‘!"
ol
"

I~
'ﬂ’
I"'.i"
4
-
™
~” r
F o,

-
A K EE

b

LI

LA A A

£ e e
o
i

-
v
I

L
L
©

LA
Fy

"

”
.rrr'r#rrk-r r
.F.-*.i-‘.l-.l-i-i-.!

Ll i
-"-'-FJ.FFF\.F.EFF.F
r~ r

&
P B

Ty

™

-
o

’
A S AL FR

#
e

Fl

L]
|
%

F

r

.
.

"

L
o

F
F
e Wbk ow m, m,

LY
LY
LY
L
b
L
L
L

L
Fa
F

Fa
-

F
F
FrFFrFFFLFFEr

FA A A

-
.ﬂ
)
-

|
L FF Sy FFrFrr

o T T T T
L

ff‘r‘.rf.rrrr
L T S S Y
b LI

-
”
P e
+ -
-~ -
-,

r
-

A & oF oA F oy oA

"

by

L T T L Y
* LT T
L o T S R N

LT T T T T T T T R S )
L I T SN T

L O
b e e R T T |
F S FT

P I o A S ol A
L R S e
P A T T
L Y S Yl T Tl Ty Y
F 4 .‘\n-,\-!\!h.'h-’tfh;ﬂ
i ll'llnllil -F'h'l'h-ftl’t"\.. LY
W & F FF
rrrr‘r‘r‘r‘r“\
LT LT T T Y T

?
;’i
=

A A A

=y
o

A e e T T T N e L e N e T
- - -
E -,
P
-, rFa
E Y
Foala
slata
£
forr
e H:H:H:\:H
NN N
noe ey

e
™
N R B RN

LY

oy
-
LY
o
Y
I R T T R

"
"

¥ ror

-

Sheet 16 of 27 US 7,902,573 B2

Mar. 8, 2011

.

F £
S8 . bSO S S AN AN A S S AN NANEY
L ;o Fr U 2
[ - oy ™ EEEEEEmEmEmEEEFFl IR FEEFEEET FEFEFEAEESE Pl FPEOEE T Ny
r * LA -i..’!."!. e s msmsmsmsmmrrros rmmems nrr bm e r b E R L AL JI\."'..
b T T
"i'l'i - ‘_-"tf‘_i" T T f‘\.'lln.
Tl T T m mm m e e e e m e m e e mm e mmm e m e m e mmm e m = LLmLLsanm
".f‘.. Fa F A f“f‘- ‘_i" Py NP E I mEmEEEEErRrIE T EEEEE R T o mEm e mber ek em ok ok ok f‘\."\.f
by o on oo e e o
rﬁ,‘-\, r ,f.. ‘J‘f‘.}‘f“f ;o ] P PP FPFEEImIpmsaEs EEEAmEmEaTEErrEarrrbrmddn .l*_\d"l"
AR EE EEEEELEEL A AT A AR EE NI e r s rerrrraead ndw
F o e, ' FE T RNFIREprE LR AT pmy R rEem i inarrramerrrrarnnnafld F FF
b T VL T T 8 LI T T N 9 P FEN P FFA LR R Pl A EAENAEEEINTEFFrEIFETCArTrED S LI
P A P T FF PT W R PSR Lo g LN g aa s mEmEm s T e e ek
LT R W R % L L T . L FEFFY SRR AEE T NN Y NS PN AN R RN EJ ELFFWENFSEYTrSE S r
F LA N *HFFFN FRETEFEERI IR Eims AL TN FA R A rEE .
L N N L N L LY FEEFVRFEEIRIFOIES EImJ g FErFEEFEEEYT FrESEEEE
FF o rer L ¥ *EEFRIRIND mamar s
LS T Y LI T LA T T T (X FIF+ I #4014 mEWapIRaE
FF F F r 08 88 FFFrasr FF ey rrFrr T ol o T a an FERAAAT DA LN IR I I
L T L T LY L LT T L T T O T Y b T I T T T T T T T T T T -1 FEEEEAFIN R [ I ER R
F F P FFFFa PR i A A A A G ol ol o E FEEFEIA RN FFP¥ARFPIpFA RS Aam AT AL mE R
e EEEEEEE T ST L L Y L L L D T T T T e T T T T T T T T T T e T ' FFAIEA N IR FrUTA I f{ PP amymmnn
P T o o o S T T T N A ol o S o C i ol ol ol ol ol o ol ol ol - P F I N R EE YW AW RN RN TFT S W IFIMTERA™ ===y ==
LR L U UL L THEL T N T S L A N N " L T T T T T T T T T T an FI A A I A A A A F I I F P PR IR i 4 A PP A M Aa g Tm
P O R o - S o ol i ol ol R o ol e o A R [} 41 m I E I N EEEE SN SES EEEEEFTIEIEIEPPF=7777 77 ===
L R TR R L L L R TR TR T TR S L T L T T . . . T L e R T T T T T L T T an FFR I AA A I A A A4 A AN IFFIN A4 INAFFRFAF2 AL TR T
P o o o o ™ S S ol o ol ol ol o o o o R I B . EimiEIEEEEE EE EE EE EE EF®RIEIEIFFREFFFTTFF-1"1
L L UL L L L T L TR N R S L T A T T T T A LY LT T T T T T T L T T . ak IR IR I A A A AN A F R A4 A4 A7 AL AN RS AP KT
I ey B R R A R i I Il I R It e e I R R B R I I I Rt S S F L Limamaaan LEsisiassssamassssLemn
L T T T T T L TN N N L S L YN R N L L L R TR L N Y L T T T T T T T T T T T T ad EEEEE R IR T ELY
P T T S R R B I B I I e FI R I AN T R A N D N N S R A N S S 4. AR EFEEREE PEFPRdIAdAd r
LT T T T T T TS L T T T T T . T T 1 L T T . . T D T L T T U T .. I EEET YT EEY - W W
LA N A I B R R I R e I EFESSFFFF T T o FFFFF S w XL EEEEE ] TIFEEEEL 1
e T T T T T T T L T T T L T T N N O L T . Y T R O WU N e e e % R W R aw Fimthdd B Ak FFAdAAAA r . w
I R N I R N I A A R FA A A R R S i N P A A C A s daardimdnddhhhhhhhd hhal I A A444 +
L T T L L T T LT " VR Tl Tl Tl N DL T B L L N R e T T T e T T T N O T 1
FFrFfr e F A A A A N A O T A A mr s rmam i me ke m mk mmkh ok bk d Fhndd A a
L T T T T T T T . T T T LT ... T T T B b Ty Ry e Ty e Ty e T Ty R T e s nmnmnwd m o w mw ommkk ok bkl B Ohokmokd A " "=
- .r‘r f"f"f I "‘\r‘\-’ F 4*‘..#.‘ \.‘l'n.fﬁ.’h."\."\.J\."'.!'-!\f'qfxtufxr tfi.iﬁfnftfmﬂxfﬂiﬁfﬂ.rﬁ.’u’-:’-, o m o mmnh ww m mk m d hhy B Fok ok ddd ' "
e ] . T | L I LR [ EEEREE] -
L o s J"l' P -i"_‘-l"ﬁ 1,,"-..’-\.,_ h."'h."\.l'\."l.‘-\.!'.#'qfﬁ.’ﬁ{ﬁ.l. ‘.J‘.ﬂ‘f‘ﬂ"ﬁf‘hﬂ"‘fﬁfﬂfﬁf“f“fﬂfﬂ s Fmedkamd ]
e B T T T T % W % & LR resmTmn -
A A A A A A FI A A A R F A A v- Fhamadd "
e T T T T T T T T T T T LN T T T L L L L L T L e A T L L T ar [ .
——— LR a0 o ol O L A T A i FR A A s mam 1 -
e T T T L T T T T T L L A A T T N T T T T L L R L L T T L R T - - o
[ A I A A A A A A A A FR L r -
e e My T Ty Ty Ty Tw TR fw Ty e %M LR R T T T T U T L L LT L T T T L T -r .
LN o o A A L P A A CA A A A A wr samrmsmsmmm =k -
P T T A N T T ™) PR Sl Sl Sl R Y Tl T Tl Yl Y LU NN T T T T L L LR T - mrmEamam s mEE " L T L L LY
L A A A N F o R A S A A FAE A A A A A A wr e - FFFFF
L TN W T T T W T T Ve W Ta Ty ! L T T W VL L T T I A R LN L L N L L L T L U Y r wEwEEwEE RPN . . TR R YR
LA A A N oo G F A A, A S P o S ar TR EFRFFRSRRITCF S =l F F FFFFrr
L Ty Ty W S [Nl Wy N T W g T ! L R T L L L L LN T L LN LYY L N L L T T L L N Y s - e - W R YN
r . P A I A FoF I I A N N A F RS FS N FFF T ur . rrw wflaF F FoFFFrFrr
LYY L N N L T Y N L LR LA A e N L L L W T LY A v N LY L L VL " . e afe % H W R Y AN
T R o £ F o RFrrFrr L LT L) TER N LA
L T T T T T T T L T T T L T T R T L Y L T T T T O T T T Y K aw Fimam EEEEmsmEm L T
F o T o T ™ T T o ol Pl ol T S R L Lk " X gLy TR A
L T T Y T J LT LY LY LT L T J k T 'H" ' :l!-l-!:!!!!:---------:- \f‘f\f‘rf'r"f\'_'\f
- o nieinl Csinleiel ;iuielel Coluiuinl [ ool el "ol Ciaiuial | LS SN N 1
" ssmuwmwsd -EE T T ETEITEITIETYE YT YT YO FTFW AT T AT IT T YT — = == === m ..
[T RE NN RERENENENENENY] \ B A A4 AT F IR AFYFETFEERESSRFFPFS | CF L S FE g FEE I EE \
" EEEEESES7TE EEIEErFEN | E N NI NI RN RN R E NN NN B B LR R R B I LR
g ool s o e e e L Ty,

AR,

A\

N

A ITIIA

N

\g

g

k ’

\_

DOVNNRAS A

r L L7
D
% 2 R 7
7 7 ; N 7, 7
N
/ /! l"‘.-"h / /
/ Fl U / /
, / ! S / /
/ ’ ’ "t ‘ # S w
v e ) e
"f o ooy N R R RN
o R R A
i" "‘ e WAl !" IS
LI S R R - - AT R N
i“ j‘i L Tl T Tl Yy % “ o LS Sl L S N
A x4 A - - L N I ;A FF A A
/ / VA LN VI
A F A A A r L L ;F A F AR F
"‘ i‘i LV N T 8 . LN LA T
I A R r -, P I AR ATy
/ J"‘:"’:":"’J"' ..r" P o ..r".r" .|f'I'"-.f"'"..-""n"""'.i""".--"".i:"F
T Nl Nl Wl W Wl ¥ woa T LN Tl L Nl N
A N N A FOFES P
LT TR L T f'l-r'l.l"'h"\"'h f‘f‘f‘f‘F“Jﬁf‘"
/ L LR ahsiyb Ve YR YA YA WATAYA VA I YOS
/ fq.f*;ﬂ\.;m'fu"u"'w’ LS \."\.,\.,1"\-"5 .r‘-l‘,i‘fi,i*',rﬁ.rﬂ'
l" NN LAYt e A
Fﬁfﬁiﬁ"*“'\pr\'f\pr e e R R Y homy om, om o Bk
A £ FF R I S
oy oy b ow by LT T T T L L N N
N AN NN N P O R N
— A W NN NN NN A NN — N N
L TN L T T N My e b B B B RN L T L A T e %
I I S B I I A A A N
R T P L Al L A N Y
i“ RN A S R R I ’f‘ A A N
/ LR Rl NN '\H*n\-\-\-‘ﬁ'\u
L e ¥ R ¥ T A N o ’
/ / L Bl el Vol Nl WY \H\-\-h\"-'ﬁ
EAr A N N N N A AN
"' ”‘ P Nl Tl Y LR N N N A R
P N N N AL AN
’ ’ VR R R NN PR P
L e LY
F O S / ' lu- " !'
| ]

e mmmm A= =P = =~

LR B L LR

rry i gy e ms as e memnsdbinssdws o rddddbdd s I I FdFRFddFaFaididi444 10 FaFEASAFAIFF

m m e e m e m—m———m m—————
arrrrssmmmewdibhddddd
R rrrassssssrrroas e d
ErrrEasEEEYE arrasend

- m = dd L= LL EEJJdEJ A1 J] EILIEEEEE NS FEEE ARSI T ST ST = mm === == ===
FUER I PSS JE EFEEEE N

21

FIG. 13B



U.S. Patent Mar. 8, 2011 Sheet 17 of 27 US 7,902,573 B2

=
-

\\\\\‘\

25 11

il ‘ "
L ™ LY
L r N
5N, T 7 . 1.. EE T TR ey YLYLN
Ao iasasmaana F o " FRERER IR FIFAFFIRNE - BE Y TER LS L
LY [ WY T LB T % T EEFREEI R FIFNFRAAAN FRF TERFIAEE ]
F 2 [ o o o L off T a E o I AEFIREE] BN A NFSEERE RN Y] srxv i amafi i
I,Jﬂ ‘lll.l't."ll,f\.‘l ww T TTEAETF A "ul'\.."nf .n'hfhn"‘.f - F‘-.J_xp\..‘rt am s mEmE i msvEiEmE L AE " -amiawn "l!l-
4 A s R EEE R LN R ek B+ A4 [N N N NEREELNNNS) *FEFFIl NS
L L9 L TR e MFE A ETFIEEFEF L L LY A h N b T T T Ak FENEE A I FA RN AR EE *EEIFINA L
oy 'l.;\"\ _..-l‘..l".i".l'".f AR Ak MFF AR REFANE LN W rlrl.rl'.h. ..i"h.f“.i" .i"l" + ‘!"l"‘.l'".-!"‘ AR FR AR A4 I Fa R AN FEE YT RRE T -l"'.!"‘.
- rrcmEai 1A LY a_ Ay iR L i . -
L P T A PN £ A EF el il |, il F
e T T O L L DAY T T R T T T T ) T T ) TR R R R R BrrBdd i hhhdRAN ] Y EEXI] L
CACAE a4 F AL S r e T R R P P FYFYmL.amEmaap i mmmsEmar >
J‘F‘J‘.l‘:ﬂ‘h! !f‘-"!"hf\‘fh‘r LT L L L T L3 'l.,\';ﬁ‘;l.-"l. j"l- \-"\-Jﬂrl;\- FT R mTa ey = mm s pr - ’!l'h’\"\-.rl"\-.’
L - A - " o, T EEEIEE L .
L L T L Y R RN L L L | e T e T B | TR YWY N TR e % N --ra:-:r- T T T e T
P P A A A A A A P T A E AR A
“F‘J‘*F‘Jhlhl f‘.f".f‘fha"fkl' N * f‘.fkf‘fhl‘.fk-l' f‘i'hl'!fha"f‘.a' J‘J‘F‘f‘f‘f‘f ‘f'.i'.'i"ftfhft-f f‘!hltitf\-it f‘fkf‘-f‘-fl-f‘f
LTI L L D LY T T | T EY R R TR AT YN LR LI T T T P T e T T T T NN E N AE IR ESIEESIEEEIER REE TV AW N
A T A S A A R P i A A T R e A A A T A FFEEgEps s pprapE s ap s mmm s mm A T e A
‘-.i't.;ﬁ.!‘JHJ‘J"J‘J\'J‘JLJ‘JI‘J 'h-""'-f'\J_‘--'\-"H:hf\‘fh"ﬂf\."‘-;k-_'- ."J'hf!thhfhj‘.ihj'.ﬂ"}"f‘f‘f LIS l}ﬂjﬁ.ﬂh#\ \.j‘\. "h"'q. L ] A e e e e ————— == f‘f‘.f‘-.f‘.l“"-f‘.f‘
rfr L " F_rF W
L T LT L T L L B T L L T e T T T T e T L L T T T T b T T T T T O T T T P T L L T T T T
T I R I I S R e A P N I e I e e A R e R L R e BT L L
l.,.rl.!\.,’\‘-h"\.!\.fﬂ’grnrl.rtr\f I,"ll.ﬂh.;h!\.’l [ Y 1.'\.‘!\..!1..;1. f‘ftf‘fhf‘fk.i‘.i\'f".i‘f‘f‘ﬂ‘-' ";";";‘f‘;";“;‘;‘;‘;‘;‘}‘;ﬂ rrnamm r'l.r\.r"l. \'.f".r‘ L}
FoA dmbade smmbhdmad Fd I ARAd Ak r kb IR IR AT
LT T DL B DL B L B T B L R N T B T L B B T ] L L T B B T T T TR L T T T T T T T T T B O T drrdms i mmemhm ko B I Ak d Ak ke B bk
LA A A A i PO A T ol o i o A i i ol o mrrars iATmsEmE R FriaTEEITEEIFCECrES O oDEE
LN A N N L T N N RN L N T T T B L ) P LU R T N ) L N N T N L I S L UL L IR N e — [ R :
P A A O B O o r P A FrPFEF RS FA R I I S R R N P A A A 0 FF dmrans i mmbks ke e s romm e mchd | bl hhhd bk ok s,
LN T B D B L B T D L T T T T T T T D T T DL | LI L L B B B T T T L O | LI L T L B N T N B . B R R rmm b hm ke Eord ik d ke kb
L A T o ol o N T T I T o o e o T Lt L
.‘-F"J'h.f‘.ﬂhfhfhf‘f‘f‘f\.f‘fhlf hn"“fhf‘fhfﬁfhf‘fhf‘.i'kufhfkft f‘fhd"t-fhl't-fha"uf‘if‘f‘f‘f‘qf"i' ‘-FLF.'J"J"J‘-J‘J‘. ‘J‘F..J“.J"f‘
L T B U L T T T T T RO %R R R Y O Y Ohw N LTI TS T T D e T O R O L D T T L T I L I I D R B
K C P R T T T R S i P i P o i A A A A AL L
A A N A N AN o N A I A A I AT I O ..*"'f‘“r‘}".-"r".r"..r‘.f".i".i".-‘.i“.- l.r".r‘f‘”:"f‘*:";"f‘;‘ﬂ‘.ﬂ"r“d‘ e ma P T I
[ e e Ll Sl il ¥ (il Sl Tk Sl Yl Nk S S S S N Y L S S S B N S oyt e Yy YTy vy TR LR Y RT R
P A R A I S e o P I R T R F R N T P I I N R R CL A A A T R A ] YT L P o o T
L R e R A R A e T R T A o A S L W W T W Ll Yl N Yy Y L T Ve W T N N Tl L N L B ke . .n L LT T T L Y
P I N R I R S I P I I R I A R R i T A AP AN P 4 F A FF YIS L 1N || F RS
L T S N S T N T Y Y Y L O T Y S T R R T ™% h %W % RO % W R R W T w U R L %W R R R LW R W Bdd B dka a L L N LN ML O]
Pl A A A A T A o o R T R SR e e N " A B e I S E— A A T A A ] amrErna . A A A
i R e T T T T N e Ll W Ll Tl Wl Tall " Yl Yol el R oIl — LS Tl Tl Y
A A A A A A I B A A S R R P A A A A R T e A A A A A ke T F T A A
L T . T D e T T D e T L T T T e T e D T T D R T | P TP T T T I D T T T I TR R TR EYOROR RO R Y W e hkh 11 L D I D R N N
Fa A o L N o e e e A e A A A A A
l.’*l-.’u’n#l.l'\'n;-h"\fnr\;\.}x" hr‘rhrhr‘f‘f‘rhf‘f‘f#r‘f".?‘ ;i-.!n}tf'-."\fh"-\'.h"h"h-'h’h.’h’ t!l..’lnJ\..rt‘_l.,\.-'h’!}\.’!.’h’h.‘il e ;h;\',!",l".r“ghp‘;h;‘
[ N ]
L T T L T T T T e T e T 1 L T e T T L T T D D T ] T T P P L T D T T T D I T T T T T L T T D T ek LT T T . P
Pl A iy - o o L o o L o Tua Lol o N i o o
A N N NN N AN A R T P N A A AN AT A N L ran P
L T L T T T T T T . T L R T O D B T T D e T T ) T T T T T D T T O T D LT T T D D D O T D D | 1::- T T T T T T
Far i R R e A A PN N A T I R R R R e Pl T A R E i i o e P -
L N TR T R N L N 4, LU R TN T T R YL TR S L L L L L I H R TR R TR R TR R TR % L L N YR T L T L T L TS aaa A & y
P T T R A S A LA A T N ST O o ol o A ol A T A R , r AP FAR R FY L] > LA
™ N R W O W % N LY J W% R W W R W R R W N .‘ .‘ % R W % R Y R W WOR W _.‘ 11\'&15111111\'\ e LI T T
o | ] o - _, _-_‘ ‘

Ld -k oadaar
4
B

FFEFFd RN
FFERFEF 1L RRD

SIREHLUNRNRRNS
7
7

v
v

7
%fffffff!f,f/ls

LRSS N S
SRR

AN

F
g
A
2
Z
g

T

X
.

Uerrrrrrrrasrrsty

PR AR AR S A

N

LIPS A AT

27 2 21 22

FIG. 14A



U.S. Patent Mar. 8, 2011 Sheet 18 of 27 US 7,902,573 B2

25

VAL dAT

21

FIG. 14B

C
|

a

L

FIG. 14C



U.S. Patent ar. 8, 2011 Sheet 19 of 27 US 7,902,573 B2

N
HAN

NN
NN
.

i-ll-r T mr mmmrrrorm ko " N r‘
LY Y EE s EE rEEE . A £ L I A
AELE L L L L A
-k A oA, P
Ak Ik L T T Y L L e L B .
i) FI I T T T ] [ A A
Ak T T T ) -k L LS mmmmrrres e FE YRR RN E PRI M A m L "N . ¥
- - mamkh o FLEpEyEp R EEEm A A 4o, [ e T T T T e Y I I . R A aLmsimEazaLaLEIE srsmmmmmmemiernanmfiif F F FF I
RN ﬁ‘\-‘ TS T R IR TR T TR T h“ IFFF Y NE R LW L R " 8
R Wi, )
LN LN
L R A A
o T T Y N N
LA R Ao
L P T Y LI T T T T T LR ok b
L - oA PG AR FiF e F A A A
LI T W ey L T L T T IR TR N R RN NN L] LI T
L A A A R AR L A - A e P . P R i LA A AT
% O R R R L T T T b T T N T T ™ L T Y MFTPNFFFEsErFs s s mEmE a LT T A R
L ol L R R R, [ sramanann i n i naanmfEd S FF TS
ot R R % R R oMk L UL L L L T N N N N LY L N Y T YT AL R L R L e e
-« & F Fl [ T T e N A4 p TTTFTPTITrR ST e e e = - - airnsanannrn i naaanfiif & & F S S S
- L T A A N T L N T T L srmrmpw PR gy s s mamamndin o En rd ik b FFII N FRAATE LI L
N e N N N R . A rETrAFTFRTF=SF s evr === - anmsssacnrnrnaaanQat FF FFF SN
L L L N T T N N N T N ser s EmEN PR EN sy mapppanrnrdambh ar kbbb FFENIFINAUNE o Wy b
R R T I I T - AT AL EETETR=AMAT TR T i = —- dmmrzanrdanaa-nfidf F S F TS
L N N N N A T A R T N T R RN T I AN N R R ] LI L
[ T R I T S N LA A R R AT ALEEEEEPFRAFTETRTRANS G === == T LT Y LA A A
e T T e . T L L T T T T T T LY T T T T T T T ) FFE LN IAFPN NNV AFFFR PN i a T mamame gt mrrrrd s rddddd R % %k %o w b
[ A O S A P [ A - A A A A A S oSS ST e LA Y
% e R N N b b N N T Ty Yy Yy L e T T T T T N N T T 1 T e L T T T A e T T e TS EFEREAINENENNANTTE pes s ramamrrts ldrdadk L LWL L L
- IR I e e et Rat it it e e e PR T e R R R N R N I I I PR R I I I R L R R R R R e tmsassmammrria i ke QU S F
LS LY ) L T T T T T T L L L L T R A L T T A T T e A T Y L T A A T L T N T . T S TR IEEATILIEEERE R pmssp g rpmrs ik hek LR TR L L I
ol ol e e T I s R R A At i e T I I I I R R T R e Rl R Rt T P IF IaF I R Rar Jr Rar Rar iaF Jar Rav | hisLaLssmEmEaEmSE EmEmE R RmEr A A R
L T % N by L A A A R N T LA A N T T T N A N LY L T T A e T A T T T . e S Am kb h IR LR ANANTE PN AN AT RREEEFEI O R I L T R L B
Cal T " [ N e I T L T ) P R S R B R R R R I I O I I R R DN R S R i N RilLELiLALEE EEEE smsassnamEr 'R o N A A N S
LA Y T B Ty Ty Y LY Ny L N T T T T N L T T LS L T T A T e B e T T N T 8 T I I LTI FWMFEYER A m RS FEEE T R R % &N
e e N I I R - I I T T I Rl Rl Rl R R R R I QA AR A S AN Lii-s-srara P mEmEw L EmELE LR R e rer
L "% e T T T LY L8 L T N T T T T e T e L L T L A T e T T T T N T TEEEIEIEILE FEFANERAATE TisEmEm L N T N L T T
i A R A R I e e e - I I i e e I I T R s PR A 2 A A A A L —tiravana EmamEan R A A
L Y L T T . T y L L T T T T T . T I R T L T T T T T e . T T T Emmambdhdhd YT ETRY] N T L U I R T R L Y
o o e N A A A A P Fl I T T I I e I I IR R a F R R I I L U T R Aiaeda-rtarLa TR arasmamBd F S F S F LT
L T T L e R e LTI L T L L T T T T T T T L L e . T T LT T T T R | T Frpamam L SR U L L L
o T e A A e P T R e T T R e e e . P T T T I T TR T N LT R R — A oA A AR A S A A A emmimt—-abLana i mamaan vansmamfpd S S FFF
LY e T T T T T T L e T e T T N L L L B T T L T T L T T T T T R L R L e T e e e L L N N N mmm s mam kA raRAN IR ' L U B T L L
- [ e e e N L N e T I E T T T I T N P [N PR I F R I R R I F I B B I R IF . S PR aEnEmEanm — Ml S N o o o
L T N T L T L TR L L L L N L T T T T T T L R L L L T A e A e N L L T T . N mmmsmamamhk TETERRE] anan LR T R T TR
I e s " N I v T R I R I T T D [ R R T R F I I R R R R R R I I I R | e e e b e m - samsanan nran " S ol B oB S
L T T T L T L T L L UL R T L L N R L T T T T T T LY L T L L L L L L T T T A " EIEIRL aian LRI TR T
o R R R A A A A A A A @ A F o g A A A AR e nLLsanan maan " A A o O O S
“-‘I\“‘-kh‘~‘-‘¥‘- ‘-“r‘k‘\\-\‘-\-‘h “-“\““‘“\-\-‘- Eemsmsmememli [ NN N N] 4440 LI L T L L L
F T o S o P A R o I AL amEan nman " T T S o
L T T N R L L N T L R L T T L A LT T N T A T T LY LT T T T T T T T mmmsmsmemambk kb bR FAA A FF AR AT AN FEFER RN LR L Y
o R L A A R T I I I I R P R N I I I R e N I e m e e m e — = - T asanmunffd 8 LT F
L I T T I L L L L T T T L A e LTI T T . T . L % L R I M A T N A Y mmmsmsmsmemembhak b bRaad0 Fab4al N A1 anwEy LR N T I LY
L A L I A N e mememememema=- LatEa s et atanan asanmunfpd A o S S
L T I N T TR N R TR RN TR Y L L B A LT T T L L L N R T L R L L Y msmsmsmsmsmememed b FRA A4 0 FR b4 AN NN TR K LT U L L
e T T L L [ L e e i R e N R I R I e T I ) I Al em-m.ii.at—LtmEaEEE T N
J ‘ % N om oo o by oy e bR J LY L T T T T R LN j L e L N N L] yumsmsmemamamshamberka kA Fh kAN IN NN aiavwEn \f'\f\.‘l\r\f\-‘l\-‘r\’\
. "> - el Ceieinl sl Coieie) Copeiede) | siiele | sielalel |, selule) | W h R b N
N Am pE AE T AN AR W -
Fagppamaaa
PR R
FE AR A ALaAFaa pRERaS ’

’
7
Z

S S S AN

N

A A A AL fffflfffffffffﬁ

7
?
2
%

NN 7 ERE R T N
'm-r"'::—:::::—::'::';;;;—;;;;;—-—;;;;;-,-j;;;;-r-f't‘.:-—‘.:::::f.‘
N N7

TITTIVITIsIIs

5

24

Y

X

v A
Fa r IR ", P
.,,"':"':"' / L, an iia , .r:::r“
A / _n - / PPN
VA kN LN / 131 / NN
CAGACA A ) AL / ey / "h"ﬁ’*.r:
hfhf'h-fh’h" ’ f\.ﬂ.ﬂfﬂ. [ 'u"\.r\.!\.-r\."\. / / J"f‘n"-rﬁn
N N .r..r.rf i .i'.i'.i'.!.!'d" ..r::.r
[l Wl N L Wl Wl Ty "l Yy % | WL N N T L L L LN
hfh.fhfh’h ﬁ / !L"ufuih"uru "u"\.’\’\."\.;\. / / f'-"-’\.r'\
UV g Tl e R / / ol
n"’n"n"uﬂ , / CAC AL f‘.f‘.i‘\fh-f‘.f‘. / r_..r‘..r‘.r\
P S A P AT A A A A J'r.rr F
[l Wl Yl % LW Nl Wl Vol Ty ey % LT R U W S L L SR L Y
;;.rf; J'.F.FJ ror -'-r'-'-*!! J'J'J'J' ,
[ " Y A Y T T T L R L TR VRN L N e 9
Ar / ;-.-.-.- -, .r-'.r.rf.r ”
S / / Aoty g A
I.,L\., \.\.‘,‘E.LLIL b ‘t‘\.‘-‘
PN AN AN
/ / AT it WA /
, / TRty W Tk R P VLA /
/ / TR R TR TR LA /
/ / I ARG /
/ / AAASANE WA TR TR NN LA /
/ ‘_\.J\.Jx;..uul. R R Jh L LA /
/ / AN DA ALY AN / /
/ — / AIAASA AN Y Lk R P /
! ARSI A SRR TR S S
/ / AN AT TR P
/ / AN AR L YL
, / AN LR L Y
/ / AN LRk YLy gt gt
/ / A WA / /
/ / NN S LJATA TR S / é
| ]
VA Sl st A S A A

I rdda44
dmma-mam
FFFAdA44

NN |

21

FIG. 15B



U.S. Patent Mar. 8, 2011 eet 20 of 27 US 7,902,573 B2

C 11

D

A

2

~ AR

7
0

24

.

L
- [ " L.
A o - ’ ] s
J“..n"'-l' f‘if‘ d"..l' F‘.n" LF‘J f‘f‘
LY N - L IR IR LT A
FFrF L rrr ,Fr Fou L
v N N w W B W e % LI B B S h wow
) & A g A - A,y a4 A F L
Ly L LA R R LI LN LS I Y Sl L
F o * o4 R F Foud AR F il r
% ‘f‘f\f ff‘ [ TIREEE LIRSS T Y] r"hr'll"ﬁr‘l-r r\‘_\f\.’\r\ ‘lr\r‘lr\r\r r‘!""l'"f‘.f\
L L T ) LT T N T L T T T | L T I T T T B |
- A -~ L L o o [ L Ll
[ LS [N W ¥ LU VN T Low b b, LI L S L L L
LI Rt Wiy R R Wiy
FFrFFF L £ Fr f Fr FFrJFarra fFrrr rrrsrer
T T T | ™ " R R W H L T T T L T T D | LY Wy
ol ol I R S R R Rt A A A A A A A e rr L i i A N
L T T T L T e T T T S T T L T Ty LV P Tl W S
J\.’\.’\-J\.Jh’\‘\.';h"n HJ\’HJ\J \J\J'hl"h"\J\.,\."\’\’\‘\"\.’\J\- r\."\.“r’\-“\-"ﬂj"h}\-ﬂnJ‘ij"hr\.}‘i '\."‘ni\.l‘ll'nllﬁ l"'l|I"|I‘|‘ull'l'h""n
P R S P o T O R I Fd TS fFFFrr rrsrer
LR N T L R L D T LRSS TN %N e W o M
R A A A R A T R R i F L
LT S T T T T Y " T T S b e e N M Ry oW by 4w L L T T Y L T T N R
'i.’\-’\"\;\’\"\;\"- 'l..lil'l.lil'n..l"'i.l'I r'h"\"\"\-f\-!'\’"h-'\l"bJ"i!\.f'\J"i \}\‘\’\F'ﬁd\ !\,\J\"\"‘l
P A R A A ol A T S S Fal B rrsrr
L L T L D L O T T T T T T T ) W N N L R L L Y S
S F A FF O FFr £ A S R R e i A N
L e L " Y L L Y L L T Y L SR S T T S VRl TR T 8 W e ety Tt M W W T L L T T Y L S Tl g iyt
\.’lr"n"l."l"'nf'h"\!'.!\. I..'I'.'l"'l.'l'I 'l."l. \.l'\.’\.'\.‘.‘h"\.!l"n"\"h"nf'l r'-"\.i'i!\-"h!‘h‘\.'\l"'n-‘r'\"-r"l.r'\! HF\J\J\F\J\ *\F\F\"\F’\ ‘e ol
1nFs
o B S F P A O S S F ol A R T R S O a Fal N rrEFfrr kR L
LT LY ~ L T L TR T W W% ™ %W e T T T T O L T T ] L T T T LT T T ien L N B N ]
P A AR A A AN i R R R I T A A 1Er L
LU T R T LT T T S R Sa T oL L T A T Vol T L T Tl e N LN Sl T T Y L T Nl T 8 e o BB L RR S
P R FIN I I R It R P N TR R B DT R R e N R Ay s ama A R
w L LR L LR L LUA L Ak L R Y | Wl Wy Wl W W Y Tl L Nl el Sl LS W N W T ¢ L W W WL W e L L L Y
o S AN A £ Frs o A A Pt N 2 N frdrr ] L L T
L T S T T Vol T T Wl Y P R Wk R k% YR OW M LSl T - N L Tt R W LI TR YA Y ' LR UL L Y
P A A P A A P AL A NN F A A A A A A A A N A - rr r - '
L R L L T e T R T PRl ol T Y Fa Ml Ve Tl A L R T T T A T L N LY . e
L I I R I R i R e L R s R I I A N P R I B I R Rl o
hf.rf"'ihfh}‘- ‘f‘ft.f‘.f‘!t t.d“ ftftfhf"ftfhfxdlft!.—f‘f‘.F.'J'l l"‘-.i"t.d'lf‘-i'hn"f‘-fhf‘l‘fhf‘}‘f o
s F)
AL IR LT T L R TR TR LR T T T L T I L B T ) LT T R T T R T T U T )
A A A A A A N AN LA AN A A A N A A NN A A A A e A )
e B N B B N B N N N B N B | e I e e I e B TN D BN BN N BN | o T e I R R T B B N
- A R e o N R I o R R L
L T T A A N S W LT W Tl Tl Tl Yl R Wl Tl "R "R T N (Rl Wl Wl N T Wl Wl R Rl Wl Wl Sl % [N B Rl R T N A R ' R I N
F oA RS FF T FF R TF F A T N S S R R R T R A FFAAFF A AP SR POl I
LY W W W T L 8 L ) LR TR P TR LT L L T T T T N T T N T T T ) bR E R RAER ALY R
‘fﬂfﬁf‘fﬁiﬁf‘fﬂfﬁ‘f‘fﬂfﬁf f“fﬁf‘f“fﬁf\‘fhf‘f‘fﬁl‘f‘i'*'-i"ﬁ fhf__f*.f‘F\.f_.f*_fhf'.fhfhf_‘l'_hf LI
T T T e e T o e e T T T e T A A A N A T I R R
P v P T P P AN N RN
b LY UL LT P L Y L T T L L R L T R ) y L
-

1
'

a
dAirssdddmbb
4

Ll

hdddsdmad b
L]

(]
=
LY
Ly ]
4%
e
(]
(]
- m

AN

DR
WO

J "
. - ﬁ\
g
N ! A

TN L

N

FIG. 16A



U.S. Patent Mar. 8, 2011 Sheet 21 of 27 US 7,902,573 B2

24

-,
e
;;;;;;;;;

\\\\\\
ﬁﬁﬁﬁﬁ
fffff
HHHHHH
ffffff
ﬂﬂﬂﬂﬂﬂﬂ
JJJJJJJ
rrrrrrrrrrrrr
\\\\\\
ffffff
1111111
fffffff
hhhhhhh
JJJJJJJ
llllllll

uuuuuu
JJJJJJ
JJJJJJJJJJJ
ffffffffff
ﬁﬁﬁﬁﬁﬁﬁﬁ
fffffff
ﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁ
hhhhhhhhhhhhhhh

LY
'ni'\:\-:\j‘n : Ak
ﬁﬁﬁﬁﬁﬁﬁﬁ

#######
ﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁ
tttttttt

\\\\\\\\\\\

A Bt DAL LA SR

émm

mEss mEEREEm
mpssEgERrEm
EEREEREY LR

rr o TPl P =P e=="FP =M AT 1 1T T= === == m—— ===t mm————nmmm o mm——mmm - AR LAEmAE LLEEEEEE LS
AN dE AR EAEELLE S EES RN LLEAAES NN EEAEE N EEEEE NS EEEEE RS EEEErEEEEEEE IFEERERR L L ER NN RN L LL R NN
a N FAF PR P I AN E A E RN I A P EEEE SIS EEEEE SR ECErrEEEmEE ATFFATAN FTIIFERERL

[
[
FF

] LN ]
i !

27

FIG. 16B

7
\\\

FIG. 16C



US 7,902,573 B2

Sheet 22 of 27

Mar. 8, 2011

U.S. Patent

31

et

)
D

27

8)
Y

X

24

0
N

-,

o

L

\
|
ZADNNNNNNRNNNNRNY

rrrrrrrrrr

Ead 4 | 3 ] LR LT | LI | AP FREY P LALE
I IIEIIIIInIImnITiinit e ,-: :4- ,,'-,.:,,:,:
Pttt ittt bl befei PR e
[ R ] [ ] nru L] [ ERERERLENELERERENEE] - LR B
NI I e ﬂ.ﬂ'ﬂ'ﬂﬂ
et etetfelf ettt HEEE R LR I

7NN

_

—-=riTr-
——— el -
Tr+ligak
LN
-=rriT-r
rasLimEn
wdabhldan
wEgEwEp
[ R
mesLimEn
messimEn
messlmen
TEERIWEF

T

I

FIG. 17

12

12

12

NN

2 (7
. A

- I

T AT I

A A A TR A R T

.

A N I N A e e NN S S S A N

.

1 RN TRV RSN NN RN,

2
\e
A ANl

11

VI

A e N A A A b N

7

1]

NRALNRERRNNN

7

A A A R A TR

1

> ik

1

1

AN ALALST LSS

A ¥

R S RS S R S S T T R S SR SRS SR S R S S S

<t

2 R N NN

11

)
o A
1

SAA LSS TSI 4

FIG. 18A



U.S. Patent Mar. 8, 2011 Sheet 23 of 27

s

.
.

/////////
(e

v
-

////// /////// /
%%//%%
.=
S
-

/

0 |

\

/ /

FIG. 19A



U.S. Patent Mar. 8, 2011 Sheet 24 of 27

.

.

FIG. 19B

2

2

N

\

.

\\\\\\\\\\\\\\\\\\\\§
. %
.

____
.

7

NN

\\\\\\\\

\

.
-
-

12
.
7
?
%
Z

12
V
%
%
Z 2

127
W

Y
ARANANNRANNNY
;. Z
1 !
|

}"5 N
\\

2 2
1 15
Z Z
,4 ,4
.
7 M —
7 N7
7 2
x\ 2
Z Z
7 2
7

&fffffff/j

7 ]
1 15
7 %
Z 2
. 7
7 X N7
g N7
/\ 2
/ /
AN
Lenrrrrrrrrrneed)

%
15 H =
.-%
N
§§
7
N Y
WITITIIIrsr el



US 7,902,573 B2

U.S. Patent

\\\\\\\\ =

Mar. 8, 2011 Sheet 25 of 27

.
=

.

%\
\\\\\
lﬁlﬁlﬁl

-

-

\\\\\
\\%f%—
=]

.

FIG. 20B

e

& L

3 lﬁlﬁlﬁn

12
% ///
?
a

12
W
%
v
1

12
W
4
7
1 !
/ g

13

15
O
%}%m{ffffﬁ

7 Z
1 |
ﬁ 1 &
1 10
7 Z
.
7 "'\Wﬁ
/\ %
Z Z
Z Z
7

7 /
7 /
/ } e
1 15
s-' 7
4 /
2 2
2 NN Z
2 /
/ \5
A z
’\ 2
1 ’
7 v

7
7

1 4
15 P
Z
-
§§
/

FIG. 21A



US 7,902,573 B2

Mar. 8, 2011 Sheet 26 of 27

U.S. Patent

S LIS ELS TS LS I A AT T LT F o i s A e

AT TINT RO PP LPITSN IV

19
.Gz
.

10 17

FIG. 21B

7
N
fﬁﬁzﬂﬁ.ﬁf I
R N7 \
N ¢ K \
y ! R \
y ! R \
|
<V N 1R m
Al N S N\ N
\ M | W m .

mf\\mﬂ_

.
e

0

%
NN NSRS A L AR N AP NS AN RN S A AN
|
o [ =
/ _ /
3 b Sy Y r, L S T S T S T T S S e ..’ b S N S

-

FIG. 21C



U.S. Patent Mar. 8, 2011 Sheet 27 of 27 US 7,902,573 B2

27 L 30 _j_ 29 57 6 27 29

N7 777777777777 777 77777

éEﬁ} ;

=

N

NN

el e . - Y A .- ]
T TSR IR ‘f ’ "\J'\"‘I- aw - '.‘h’\’\-
L] L] -k
LIRS . P ’ ~ ’ Al i ’ Lty Yl
rre L L . ’ . AR w = -.1.\1..
Tiriras e PP ILrIllieris PN e e e d S
l:liiil--i-l-l--!!l 5 ‘.f N oy % R EE NI TR, ;‘F;‘*l"'," f"“'}-ﬂf" i ’ }‘J“-"f
ERL LELL .EaitEEETEFR ' P W W
L BTNy N R L "";-";" ' f‘f‘..l..p"ﬂ "-."-"'Hr\-"h o -
SN L Py ol Tarma Ry ot Sl Pl g P Tl oy
L Yl VL LA Y w Ta e amea- R AP b
;s F S fl"-f'-l'f" -, sdrk4+dadr 1“\“ WV W
A A VAL A ’ . P P NIy ’ AN
u\u\-ux\-..ﬁ.ﬁ.\.\.f ’ Ttdnins i Sl N LY y . i Ah )
Crrerein i lITIIIIIIIN A e e |
\J\f‘-ﬂ\‘l'\fﬂfij'\f\"\’\"‘- f ’ e N TR I L T f‘-i'.‘l"‘f‘.l'
a Fr PAC NN N NN I, .- ’ :r‘.r‘_."_.r‘r‘:‘ CALA
. = -
o PN N N AN N 1 ’ AR ’ S I AL ’ AT
phANA LS SR SN Y AN I A W NN ’ 3 RN AN ’
o m  m N LW WM u«.hh\xt---u-uf' \hihrt;u S SRV T
O R N T R I I R ) JJJ!JJJJJJJ‘.‘} 1.;“\.“““ L
J‘f‘:‘:‘r‘;’?"f‘r‘f’f A N RN N A A A AN 1 f P e e e ’ AL
f"‘}h‘l‘f" ~ w W ’ ‘p'if\-"hil\,h"\,"'\’\_,“" ! T T T T T T I ’ . "l.."'ur\."l."'\‘.ﬂ ’
Ll Yl Nk Nl el A TR T5 TN T T T N AT T
f\f‘f‘f‘f"r‘.{'f‘ — ‘f‘f“"f‘f‘f‘f‘f‘f‘f‘f‘ f" R f L B L L N N Y - f‘f‘#‘i‘f.‘rﬁr
i e f#;rt!#fﬂfﬂf r.*a.-.-.n:‘;.'.-{ri.r AN
L S LU Tl T Tk Yl W Wl N N 8 LR LR YL LY , YL T YL TS ’
P W P A A R R R F
L R L ’ ML AR LRI ’ LRV WL L YR v Wk R A
N N Ay g '*"’"""'t"\"u"ﬂf R Pl TEIRIIILILT N g
PN T A TN N N P A N A mEahka FET [ A B
MRSt Y IR R Py B A N Nl R N
+ A .F,rff.p-ffr.iff.‘f J-*f‘fﬂﬁi_hf‘#‘!*‘#if L
it ’ N A A AT AT A ’ NN NN NN f " ’
WOk R N R T Ty UL LT Wl Sl Wl L L
Fa - *".-*‘.r"'#".r.rr.rdr-'f1f rrr.r--r:'-r.r.r.r AL AL
LB L L T T . L T T T T T T T e,
LAl N Rl N et I I M
T T AU N R R R Rl R R RS g D e ey Mt S TS MASAYCRANIN
I I T i LALAC AL AT AL AL AL ALY LA AL AL AL AL AN
T w A L L L e L B P P T R TN
A a o FF A AR YA AL A I A AL I A A ’
' A :"".:::::::: A T '\; %
- . IR NS IR NN - - ’
|.| n PEmEmmmw x [ ] ’ . 1
- dmrd A+ 14 Fr4d ¥ - 4441+ FFFFFFFE
TR LR reasTTEEr L Esmss smmemsmrwrdhd
---..-l...-.£+-|+-.-+|.a- " I ﬁ
LS LIS, YL L LA LSS A LA D
- ’h

NN TSIV

X

FIG. 22



US 7,902,573 B2

1

SEMICONDUCTOR DEVICE INCLUDING
VERTICAL MOS TRANSISTORS

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present mvention relates to power supply to a gate
clectrode of a vertical MOS transistor and, more particularly,
to a semiconductor device having a structure suitable for

power supply to a gate electrode shared between a plurality of
vertical MOS transistors.

2. Description of Related Art

A conventional three-dimensional transistor, 1.e., a vertical
MOS transistor, has a structure wherein: 1 an S1 pillar form-
ing source/drain diffusion layers and a channel, the channel
portion 1s surrounded by a gate insulating film and a gate
clectrode, while the source/drain diffusion layers are formed
at top and bottom of the silicon pillar to sandwich the channel

portion completely, as shown 1n FIG. 2 of United States Patent
US2004/26281 A1 (Document 1).

Japanese Patent Laid-Open No. 2002-940277 (Document 2)

discloses a semiconductor memory device having a plurality
ol silicon pillars defined by a lattice-shaped trench formed 1n
a surface of a silicon substrate, wherein: a select transistor 1s
formed on a side surface of each silicon pillar with 1ts source
or drain diffusion layer formed in the bottom of the trench, the
select transistor forming a select transistor of a one-transistor
one-capacitor type DRAM cell; and the trench bottom difiu-
s1on layer 1s connected to a fixed voltage common to a mul-
tiplicity of memory cells. This document also discloses the
technique of continuously interconnecting gate electrodes
cach formed so as to come into contact with one side surface
of a respective one of the silicon pillars across an intervening
gate msulating film, to form a word line.

Document 1 does not make any explicit mention of a struc-
ture for potential supply to the gate electrode of the vertical
MOS transistor. Nor does Document 1 disclose a structure for
power supply to a gate electrode shared between a plurality of
vertical MOS transistors.

Normally, 1t 1s supposed that the potential supply 1s
cifected through a contact formed at any point on the gate
clectrode material. However, 1t 1s not easy to form the contact
directly on the gate electrode material 1n an array section
densely formed with minute vertical MOS transistors. Even 1f
the formation of the contact 1s possible, there arises another
problem that the contact position 1s limited and, hence, the
design freedom 1s limited.

The semiconductor device disclosed in Document 2
involves a problem that since the channel 1s formed 1n only
one side surface of each silicon pillar, the semiconductor
device 1s inferior in subthreshold properties to the vertical
MOS transistor described in Document 1 in which the periph-
ery of the channel 1s covered with the gate electrode so as to
be completely depleted.

Accordingly, a demand exists for a semiconductor device
including means having a high degree of design freedom for
potential supply to a gate electrode in an array section densely
formed with vertical MOS transistors.

SUMMARY

The present mvention seeks to solve one or more of the
above problems, or to improve uponthose problems at leastin
part.

In one embodiment, there 1s provided a semiconductor
device that includes:
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a plurality of vertical MOS transistors sharing a gate elec-
trode of a first conductivity type, wherein the plurality of

vertical MOS transistors comprises first semiconductor pil-
lars with a first gate insulating film formed therearound, and
facing said gate electrode via said first gate isulating film;
and

a second semiconductor pillar being of the first conductiv-
ity type with a second gate insulating film formed there-
around, and being in contact with the gate electrode at a
portion thereof from which at least a part of the second gate
insulating film 1s removed, wherein

potential supply to the gate electrode shared between the
plurality of vertical MOS transistors 1s effected through the
second semiconductor pillar.

According to this embodiment, when an array section 1s
formed which comprises a plurality of vertical MOS transis-
tors sharing a gate electrode, the potential supply to the gate
clectrode shared between the vertical MOS transistors can be
elifected through the second semiconductor pillar. In this
structure, the second semiconductor pillar can be disposed
freely on the periphery of the array section, thus resulting 1n
increased design freedom.

BRIEF DESCRIPTION OF THE DRAWINGS

The above features and advantages of the present invention
will be more apparent from the following description of cer-
tain embodiments taken 1n conjunction with the accompany-
ing drawings, in which:

FIG. 1 1s a longitudinal section view illustrating a first
Example;

FIGS. 2A, 3A, 4A and 5A are longitudinal section views
illustrating process steps 1n a fabrication method for the first
Example, and FIGS. 2B, 3B, 4B and 5B are top views corre-
sponding to FIGS. 2A, 3A, 4A and 5A, respectively;

FIG. 6C 1s a top view 1llustrating a subsequent process step
in the fabrication method for the first Example, and FIGS. 6 A
and 6B are longitudinal section views taken on line A-A and
line B-B, respectively, of FIG. 6C;

FIG. 7C1s a top view illustrating a subsequent process step
in the fabrication method for the first Example, and FIGS. 7A
and 7B are longitudinal section views taken on line A-A and
line B-B, respectively, of FIG. 7C;

FIG. 8C 1s a top view illustrating a subsequent process step
in the fabrication method for the first Example, and FIGS. 8A
and 8B are longitudinal section views taken on line A-A and
line B-B, respectively, of FIG. 8C;

FIG. 9B 15 a top view 1llustrating a subsequent process step
in the fabrication method for the first Example, and FIG. 9A
1s a longitudinal section view taken on line A-A of FIG. 9B;

FIG. 10C 1s a fragmentary top view illustrating a subse-
quent process step in the fabrication method for the first
Example, and FIGS. 10A and 10B are longitudinal section
views taken on line A-A and line C-C, respectively, of FIG.
10C;

FIG. 11C 1s a fragmentary top view 1llustrating a subse-
quent process step in the fabrication method for the first
Example, and FIGS. 11A and 11B are longitudinal section
views taken on line A-A and line C-C, respectively, of FIG.
11C;

FIG. 12C 15 a fragmentary top view illustrating a subse-
quent process step in the fabrication method for the first
Example, and FIGS. 12A and 12B are longitudinal section
views taken on line A-A and line C-C, respectively, of FIG.
12C;

FIG. 13C 15 a fragmentary top view illustrating a subse-
quent process step in the fabrication method for the first
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Example, and FIGS. 13A and 13B are longitudinal section
views taken on line A-A and line C-C, respectively, of FIG.
13C;

FIG. 14C 1s a fragmentary top view 1llustrating a subse-
quent process step in the fabrication method for the first
Example, and FIGS. 14A and 14B are longitudinal section
views taken on line A-A and line C-C, respectively, of FIG.
14C;

FIG. 15C 1s a fragmentary top view illustrating a subse-
quent process step in the fabrication method for the first
Example, and FIGS. 15A and 15B are longitudinal section
views taken on line A-A and line C-C, respectively, of FIG.
15C;

FIG. 16C i1s a fragmentary top view illustrating a subse-
quent process step in the fabrication method for the first
Example, and FIGS. 16 A and 16B are longitudinal section
views taken on line A-A and line C-C, respectively, of FIG.
16C;

FIG. 17 1s a sectional structural view 1llustrating a second
Example;

FIGS. 18A, 19A and 20A are longitudinal section views
1llustrating process steps 1n a fabrication method for the sec-
ond Example, and FIGS. 18B, 19B and 20B are top views
corresponding to FIGS. 18A, 19A and 20A, respectively;

FIG. 21C 1s a top view 1illustrating a subsequent process
step 1n the fabrication method for the second Example, and
FIGS. 21A and 21B are longitudinal section views taken on
line A-A and line B-B, respectively, of FIG. 21C; and

FIG. 22 1s a sectional structural view illustrating a third
Example.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

The invention will be now described herein with reference
to 1llustrative embodiments. Those skilled 1n the art will rec-
ognize that many alternative embodiments can be accom-
plished using the teachings of the present invention and that
the invention 1s not limited to the embodiments 1llustrated for
explanatory purposes.

FIRST EXEMPLARY EXAMPL.

(L]

As shown 1n FIG. 1, a semiconductor device according to a
first Example has a structure including: a plurality of first
prismatic pillars 3, 4 and 5 for vertical MOS transistors which
share gate electrode 2 of a first conductivity type formed on a
major surface of silicon substrate 1; and second pillar 8
formed simultaneously with first prismatic pillars 3, 4 and 3
forming the respective prismatic vertical MOS transistors,
second pillar 8 being partially free of gate msulating film 7
and being of the first conductivity type which 1s the same as
the conductivity type of gate electrode 2, wherein potential
supply to gate electrode 2 1s effected through a path extending
from potential supply section 6, passing through electrodes
27 and 29 contacted with the top of second pillar 8, and
reaching gate electrode 2 in contact with diffusion layer 22 of
second pillar 8 at which gate insulating film 7 1s not formed.
Fabrication Method for First Example

A Tabrication method for the first Example 1s as follows.

As shown in the sectional view in FIG. 2 A, silicon substrate
1 was doped with boron to a depth of 500 nm from its surface
so as to have a boron concentration of 3el17/cm”, and there-
alter, an etching mask comprising 5 nm-thick silicon oxide
film 11 and 100 nm-thick silicon nitride film 12 was formed
on the surface of silicon substrate 1. Silicon substrate 1 was
then subjected to dry etching to form silicon pillars 3, 4, 5 and
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8. The height of the pillars was set to 150 nm. Here, silicon
pillars 3, 4 and 5 were shaped like lines, while silicon pillar 8
was shaped rectangular, as shown in the plan view in FI1G. 2B.
Thereatter, the exposed silicon surface was thermally oxi-
dized to form 5 nm-thick silicon oxide films 13.

Subsequently, as shown 1n the longitudinal section view
and top view 1n respective of FIGS. 3A and 3B, silicon oxide
film 15 was deposited and then planarized by CMP method,
so that the space around each of silicon pillars 3, 4, 5 and 8
was filled up with silicon oxide film 15.

Subsequently, as shown 1n the longitudinal section view in
FI1G. 4A, resist mask 16 was formed, and then silicon nitride
f1lm 12 was worked so that silicon nitride film 12 remained 1n
aplane as shown 1n FIG. 4B. In the regions from which silicon
nitride film 12 was removed, silicon oxide films 11 on silicon
pillars 3, 4 and S were exposed.

Subsequently, as shown 1n the longitudinal section view
and top view 1n respective of FIGS. 5A and 3B, silicon oxide
f1lm 15 was retreated by etching. Here, the amount of etching
was 100 nm, and remaining silicon oxide 15 was 50 nm thick.
At the same time therewith, silicon oxide films 11 and 13 on
sidewall portions of silicon pillars 3, 4 and 5 that were free of
s1licon nitride film 12 were etched, so that silicon pillars 3, 4
and 5 were exposed.

Subsequently, as shown 1n the top view 1n FIG. 6C, silicon
pillars 3, 4 and 5 exposed 1n the regions free of silicon nitride
film 12 were etched using silicon nitride film 12 as a mask.
Here, the amount of silicon etched was 100 nm. FIG. 6A 1s a
longitudinal section view taken on line A-A of FIG. 6C.
Though FIG. 6A 1s the same as the longitudinal section view
in FI1G. 5A, the silicon pillars came to have substantially the
same height as silicon oxide film 15 1n the longitudinal sec-
tion view (FIG. 6B) taken on line B-B of FIG. 6C, so that
silicon surfaces 17 were exposed.

Subsequently, as shown 1n the longitudinal section view 1n
FIG. 7A, silicon oxide film 13 was etched to expose silicon of
silicon pillars 3, 4, 5 and 8 at their side surfaces. As shown 1n
the longitudinal section view (FIG. 7B) taken on line B-B of
F1G. 7C, the surfaces of silicon oxide films 13 and 15 became
slightly lower than silicon surfaces 17.

Subsequently, as shown 1 FIG. 8, 7 nm-thick gate oxide
film 18 was formed on side surfaces of silicon pillars 3, 4, 5
and 8 (see FIG. 8 A) and on silicon surfaces 17 (see FIG. 8B)
by thermal oxidation.

Subsequently, as shown in the top view 1n FIG. 9B, resist
mask 19 was opened. The resulting longitudinal section view
taken on line A-A was as shown 1n FIG. 9A. In this state, gate
oxide film 18 was etched to expose silicon 1n a portion of
silicon pillar 8.

Subsequently, as shown 1n the longitudinal section view 1n
FIG. 10A, a polycrystalline silicon film doped with phospho-
rus in an amount of 4e20/cm” was deposited to a thickness of
10 nm. Then, arsenic in an amount of only lel4/cm” was
implanted at 50keV, followed by a heat treatment at 1,000° C.
for 10 seconds, to dope silicon surfaces 17 except the silicon
pillars, as shown 1n the top view 1n FIG. 10C. At that time,
arsenic was diffused laterally from silicon surfaces 17 to form
n-type lower diffusion layer 21, as shown 1n the longitudinal
section view in FIG. 10B. The heat treatment mentioned
above caused phosphorus contained in the polycrystalline
silicon film by doping to diffuse into silicon pillar 8, thus
turning silicon pillar 8 into n-type layer 22. Note that FIGS.
10A and 10B are longitudinal section views taken on line A-A
and line C-C, respectively, of FIG. 10C.

Subsequently, as shown in the longitudinal section views in
FIGS. 11A and 11B and 1n the top view 1n FIG. 11C, poly-

crystalline silicon film 23 doped with phosphorus 1n an
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amount of 4e20/cm” was deposited to a thickness of 20 nm.
As a result, the space between adjacent ones of silicon pillars
3, 4, 5 and 8 was filled up with polycrystalline silicon films 20
and 23.

Subsequently, as shown 1n the longitudinal section view 1n 5
FIG. 12A, polycrystalline silicon films 20 and 23 were etched
back by 15 nm. As a result, the sidewall portion of each of
silicon pillars 3, 4, 5 and 8 was covered with gate electrode 2
(1.e., polycrystalline silicon films 20 and 23) as shown 1n the
top view 1n FIG. 12C, thus forming a structure in which gate 10
clectrodes 2 (i.e., polycrystalline silicon films 20 and 23)
formed around respective silicon pillars 3, 4, 5 and 8 are
clectrically interconnected 1n the lateral direction in the fig-
ure.

In the C-C section, the silicon pillars were spaced apart 15
from each other and, hence, gate electrodes 2 (1.e., polycrys-
talline silicon films 20 and 23) on the respective silicon pillars
were 1solated from each other as shown 1n FIG. 12B.

Subsequently, as shown 1n the longitudinal section views 1n
FIGS. 13A and 13B, silicon oxide film 24 was deposited and 20
then planarized by CMP. FIGS. 13A and 13B are longitudinal
section views taken on line A-A and line C-C, respectively, of
FIG. 13C.

Subsequently, as shown 1n the longitudinal section views 1n
FIGS. 14A and 14B, silicon nitride film 12 remaining on top 25
of each of silicon pillars 3, 4, 5 and 8 was removed. Thereat-
ter, arsenic in an amount of only 5e13/cm” was implanted at
20 keV, tfollowed by a heat treatment at 1,000° C. for 10
seconds, to form upper diffusion layer 25. At that time, an
upper portion of silicon pillar 8 was also implanted with 30
arsenic, thus resulting 1n an increased impurity concentration
in the upper portion of n-type layer 22. FIGS. 14A and 14B
are longitudinal section views taken on line A-A and line C-C,

respectively, of FIG. 14C.

Subsequently, as shown 1n the longitudinal section views1n 35
FIGS. 15A and 15B, a 10 nm-thick silicon nitride film was
deposited and then etched back to form silicon nitride film
sidewalls 26. FIGS. 15A and 15B are longitudinal section
views taken on line A-A and line C-C, respectively, of FIG.
15C. 40

Subsequently, as shown 1in the longitudinal section views 1n
FIGS. 16A and 16B, after removal of silicon oxide film 11
remaining on top of each of silicon pillars 3, 4, 5 and 8,
epitaxially grown layer 27 was formed. Epitaxially grown
layer 27 was grown to a thickness of 50 nm. Thereafter, 45
arsenic in an amount of only 1 e15/cm” was implanted at 30
keV, followed by a heat treatment at 1,000° C. for 10 seconds,
in order to lower the resistance of epitaxially grown layer 27.
FIGS. 16 A and 16B are longitudinal section views taken on
line A-A and line C-C, respectively, of FIG. 16C. 50

Finally, as shown in FI1G. 1, 100 nm-thick silicon oxide film
28 was deposited and then contact holes were opened, fol-
lowed by formation of electrodes 29 1n the respective contact
holes. In an application of the present Example to DRAM,
upper diffusion layer 25 of each of vertical MOS transistors 55
(including pillars 3, 4 and 5) 1s connected to a lower electrode
ol each of capacitors 30, while the other electrode of each
capacitor 30 1s to be capable of supplying plate potential 31.
Epitaxially grown layer 27 on top of silicon pillar 8 1s con-
nected to word line potential supply section 6 so as to be 60
capable of supplying a word line potential from word line
potential supply section 6. Lower diffusion layers 21 are
interconnected 1n the row direction of each of silicon pillars 3,

4 and 5 (in the vertical direction 1n FI1G. 16C) to form a bitline
under the associated transistors for supplying a bit potential 65
through bit contacts formed 1n non-1llustrated regions.
Advantages of First Example

6

According to the first Example, it 1s possible that: vertical
MOS transistors including silicon pillars 3, 4 and 5 form

DRAM cell transistors; and silicon pillar 8 1s utilized to
supply a word line potential. For this reason, the following
advantages are provided.

When vertical MOS transistors share a gate electrode, a
word line resistance 1s increased undesirably because poly-
crystalline silicon films 20 and 23 forming gate electrode 2
cannot be made thick enough. In this case, the semiconductor
device cannot be expected to operate normally because the
resistance of a line up to a memory mat end becomes very
high. According to the word line potential supply method
employed 1n the first Example, the provision of word line
potential supply section 6 at a required place allows word line
potential supply section 6 to be connected to a low-resistance
word line formed thereabove. As a result, the low-resistance
word line can substantially extend up to the memory mat end,
thus allowing a normal operation to be performed. By pro-
viding such a word line potential supply section 6 as desired,
the design freedom can be increased significantly.

SECOND EXEMPLARY EXAMPL.

(L]

As shown 1n FIG. 17, a semiconductor device according to
a second Example includes: a plurality of vertical MOS tran-
sistors including first prismatic silicon pillars 4 and 3 sharing,
gate electrode 2 of a first conductivity type formed on a major
surface of silicon substrate 1; and second pillar 8 formed
simultaneously with first prismatic silicon pillars 4 and 5
forming the respective prismatic vertical MOS transistors,
second pillar 8 being partially free of gate insulating film 7
and being of the first conductivity type which 1s the same as
the conductivity type of gate electrode 2. In this structure,
potential supply to gate electrode 2 shared between prismatic
vertical MOS transistors 1s effected through a path extending,
from word line potential supply section 6, passing through
potential supply contact 33, and reaching first conductivity
type diffusion layer 32 connected to diffusion layer 22 of
second pillar 8. While the structure shown i FIG. 17 has
sidewall 26 and epitaxially grown layer 27 formed on silicon
pillar 8 as 1n the first Example, there arises no problem if a
structure free of sidewall 26 and epitaxially grown layer 27 1s
formed without removal of mask layer 12 on silicon pillar 8
and without impurity implantation to an upper portion of
silicon pillar 8, or i1 a structure free of sidewall 26 and epi-
taxially grown layer 27 1s formed by filling up an opening
portion with an 1nsulating film after impurity implantation to
an upper portion of silicon pillar 8.
Fabrication Method for Second Example

A fabrication method for the second Example, which 1s
substantially the same as the fabrication method for the first
Example, can be realized by: replacing the structure shown in
FIGS. 2A and 2B with a structure shown 1n FIGS. 18A and
18B; replacing the structure shown in FIGS. 4A and 4B with
a structure shown 1n FIGS. 19A and 19B; replacing the struc-
ture shown 1n FIGS. 5A and 5B with a structure shown in
FIGS. 20A to 20C; and replacing the structure shown 1n
FIGS. 6A to 6C with a structure shown in FIGS. 21A to 21C.

Specifically, silicon pillar 8 (i.e., silicon pillar 8') was
formed so as to be laterally longer than that of the first
Example as shown in FIGS. 18A and 18B, and subsequently,
resist mask 16 was formed so as to partially expose silicon
nitride film 12 on silicon pillar 8' as shown 1n FIGS. 19A and
19B. Subsequently, as shown 1 FIGS. 20A to 20C, silicon
pillars 4, 5 and 8' exposed in regions free of silicon nitride film
12 were subjected to etching. Here, the amount of silicon

etched was 100 nm. FIGS. 20A and 20B are longitudinal
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section views taken on line A-A and line B-B, respectively, of
FIG. 20C. Thus, silicon surfaces 17 and 17" were exposed at
substantially the same height as silicon oxide film 15. There-
alter, the process proceeded 1n the same manner as 1n the first
Example until the formation of silicon oxide film 28. Subse-
quently, contact holes were opened and then electrodes 29
and contact 33 were formed.
Advantages of Second Example

The second Example has advantages similar to those of the
first Example. The degree of freedom to position contact 33 1s
increased, through the area required for potential supply to
the gate electrode 1s increased.

THIRD EXEMPLARY EXAMPL.

(Ll

As shown 1n FIG. 22, a semiconductor device according to
a third Example has a structure including: a plurality of pris-
matic vertical MOS transistors (including first prismatic pil-
lars 4 and 5) sharing a gate electrode of a first conductivity
type; second pillar 8 formed simultaneously with first pris-
matic pillars 4 and 5 forming the respective prismatic vertical
MOS transistors, second pillar 8 being free of a gate insulat-
ing film at least partially and being of the first conductivity
type which 1s the same as the conductivity type of the gate
clectrode; and vertical MOS transistor 34 sharing diffusion
layer 31 with second pillar 8. In this structure, potential sup-
ply to gate electrode 2 shared between prismatic vertical
MOS transistors including first pillars 4 and 5 1s effected by
driving vertical MOS transistor 34 sharing diffusion layer 31
of the first conductivity type with second pillar 8.
Fabrication Method for Third Example

A Tabrication method for the third Example 1s a combina-
tion of the fabrication method for the first Example and the
fabrication method for the second Example. For this reason,
detailed description thereof will be omatted.

Advantages of Third Example

The third Example has advantages similar to those of the
first Example. Since potential supply from upper diffusion
layer 25 of vertical MOS transistor 34 becomes possible, the
layout freedom 1s increased, though an additional area is
required for the provision of vertical MOS ftransistor 34
needed for the potential supply to gate electrode 2 shared
between the plurality of prismatic vertical MOS transistors 4
and 5.

It 1s apparent that the present invention 1s not limited to the
above embodiments, but may be modified and changed with-
out departing from the scope and spirit of the invention.

What 1s claimed 1s:

1. A semiconductor device comprising:

a plurality of vertical MOS transistors sharing a gate elec-
trode of a first conductivity type, wherein said plurality
of vertical MOS transistors comprises {irst semiconduc-
tor pillars with a first gate insulating film formed around
lateral sides of the first semiconductor pillars, and the
lateral sides of the first semiconductor pillars facing said
gate electrode via said first gate insulating film; and

a second semiconductor pillar being of the first conductiv-
ity type with a second gate insulating film formed
around lateral sides of the second semiconductor pillar,
and being 1n contact with said gate electrode at a portion
thereof from which at least a part of said second gate
insulating film 1s removed, wherein potential supply to
said gate electrode shared between said plurality of ver-
tical MOS transistors 1s effected through said second
semiconductor pillar.

2. The semiconductor device according to claim 1, wherein

the potential supply to said gate electrode shared between said
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plurality of vertical MOS transistors 1s effected through an
clectrode/interconnection contacted on the top of said second
semiconductor pillar.

3. The semiconductor device according to claim 1, wherein
the potential supply to said gate electrode shared between said
plurality of vertical MOS transistors 1s elfected through an
clectrode/interconnection contacted with a diffusion layer of
the first conductivity type formed at the bottom of said second
semiconductor pillar.

4. The semiconductor device according to claim 1, wherein
the potential supply to said gate electrode shared between said
plurality of vertical MOS transistors 1s effected by driving a
separate vertical MOS transistor which shares with said sec-
ond semiconductor pillar a diffusion layer of the first conduc-
tivity type formed at the bottom of said second semiconductor
pillar.

5. The semiconductor device according to claim 1, which
includes an arrayed configuration wherein: a plurality of tran-
sistor columns 1s disposed each including said plurality of
vertical MOS transistors sharing a gate electrode of the first
conductivity type; and transistors in a row each belonging to
a respective one of the transistor columns are interconnected
through a diffusion layer of the first conductivity type formed
under each of the first semiconductor pillars in a row direction
of each of the first semiconductor pillars intersecting the
transistor columns, to form a bit line extending under the
transistors 1n the row direction.

6. The semiconductor device according to claim 2, which
includes an arrayed configuration wherein: a plurality of tran-
sistor columns are disposed each including a plurality of
vertical MOS transistors sharing a gate electrode of the first
conductivity type; transistors in a row each belonging to a
respective one of the transistor columns are interconnected
through a diffusion layer of the first conductivity type formed
under each of the first semiconductor pillars in a row direction
of each of the first semiconductor pillars intersecting the
transistor columns, to form a bit line extending under the
transistors in the row direction.

7. The semiconductor device according to claim 3, which
includes an arrayed configuration wherein: a plurality of tran-
sistor columns are disposed each including a plurality of
vertical MOS transistors sharing a gate electrode of the first
conductivity type; transistors in a row each belonging to a
respective one of the transistor columns are mterconnected
through a diffusion layer of the first conductivity type formed
under each of the first semiconductor pillars in a row direction
of each of the first semiconductor pillars intersecting the
transistor columns, to form a bit line extending under the
transistors 1n the row direction.

8. The semiconductor device according to claim 4, which
includes an arrayed configuration wherein: a plurality of tran-
sistor columns are disposed each including a plurality of
vertical MOS transistors sharing a gate electrode of the first
conductivity type; transistors in a row each belonging to a
respective one of the transistor columns are mterconnected
through a diffusion layer of the first conductivity type formed
under each of the first semiconductor pillars in a row direction
of each of the first semiconductor pillars intersecting the
transistor columns, to form a bit line extending under the
transistors in the row direction.
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